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Abstract

NTL Engineering & Geoscience was requested to conduct a statewide research project and
provide information and recommendations to assist the Montana Department of Transportation
(MDT) with design of metal culverts. Under current sampling, testing, and analysis methods,
MDT has experienced numerous failures within the design life of metal culverts. NTL has
identified some factors we believe to be a part of the discrepancy between design and in-service
pipe life. This report provides details of our research project, and provides recommendations
based on data and analysis.

Selection criteria for buried metal culverts varies widely between state agencies and private
consultants primarily since a standard methodology for identifying environments corrosive to
metal culverts, assessing corrosion potential, and selecting materials that will perform in
accordance with design criteria have not been clearly defined in standard engineering literature.
Although fundamental to design, these tasks are often difficult to perform and are subject to
debate and variation within the design community. Corrosivity is dependent upon many
variables and the interaction of soil with metal is likewise complex and multi-variant. Our
research has focused on observed, in-place culvert conditions and selective testing of soil
samples from these locations. Resistivity and pH were selected as the main indicators of culvert
corrosion for this research.

Although resistivity is a standard measure of soil corrosivity, numerous methods of preparing
soils and measuring soil resistivity are accepted in practice with data then applied in a fairly
generic manner to a relatively “standard” scale for assessing soil corrosion potential. NTL has
performed corrosivity analysis based on the current MDT procedures for resistivity testing and
pH along with other published test methods to evaluate the current MDT testing and analysis
methods for selected sites in the various Districts.

Our research has attempted to begin the framework for a more consistent and applicable
methodology for corrosion assessment for the MDT.  We recommend, in this regard, that the
AASHTO T288 Minimum Soil Resistivity test method be adopted as the basis for resistivity
determination. It is further recommended that resistivity testing address the soil conditions
expected to exist for backfill, foundation, and the adjacent drainageway as part of a culvert site
investigation.
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Introduction

Current Montana Department of Transportation (MDT) standards for design of culverts are based
on a 75 year service life. Although the state of practice for pipe design and selection has changed
during the last 75 years, numerous premature failures have been identified in metal culverts by
MDT District Offices and Hydraulics Section, which have cost the state considerable amounts of
money to replace or repair. NTL Engineering, in cooperation with MDT, has conducted a
statewide research project to address some of the factors affecting culvert/soil interaction and
prediction of pipe life.

Corrosion of buried metal structures is a complex process that is not easily defined or quantified.
The task for engineers or designers whose job is to build systems in which metal will be in
contact with a corrosive environment can be summarized as follows:

. identify corrosive environments
. assess the corrosion potential
. select or design a material system that will provide the desired life and performance

required for the system based on corrosivity analysis

NTL Engineering has addressed these tasks in our research and this report presents
recommendations for corrosion assessment.

Soil sampling was conducted by MDT District personnel from 29 independent locations to
provide a range of typical soil conditions encountered in the state. Sampling procedures included
in Appendix A were developed by NTL and were presented to MDT personnel in charge of the
sampling. The procedures and standardized sampling forms were used to provide a consistent
selection and sampling protocol for collection of samples to be used for this research. An
additional two sites were sampled by our engineer as a more detailed case study of two severely
corroded culvert locations.

Testing of selected corrosivity indicators and soil index properties was conducted by MDT and
NTL. Corrosivity testing included current MDT “in-house” tests and other published tests
relevant to corrosion assessment. Quality control testing was performed by the Montana State
University (MSU) Soil Testing Laboratory.

Analysis of corrosion potential was conducted using test data and current MDT pipe selection
criteria. Individual corrosivity test procedures were then compared based on correlations
between observed culvert condition and calculation of culvert life expectancy.
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Background

Corrosion is a generalized term referring to the degradation of metal by reaction with the
surrounding environment, but does not include mechanical degradation such as abrasion or
damage due to impact or wearing forces. Corrosion is a natural and fundamental change driven
by entropy theory: materials naturally trend toward a state of maximum disorder. Metallic
elements exposed to a corrosive environment will therefore undergo oxidation, trending toward a
more simple molecular structure.

Corrosivity is the measure or ability of the environment to react with metal such that corrosion
occurs. Numerous factors and combinations of singular factors contribute to the corrosion
process; analysis of no singular parameter influencing corrosivity can adequately predict the rate
or extent of corrosion. To understand the general corrosion process and factors affecting
corrosion of buried metal, the following summary is provided.

Corrosion Process

Corrosion is most commonly driven by electrochemical reactions (Bradford, 2000). In the
corrosion process, a chemical reaction causes the release of electrons (driving the electrical
reaction) at the anode site which flow through the metal to the cathode site where they are
absorbed in another chemical reaction. At the anode site, metals are dislodged from the culvert
and electrons are released leaving a metal ion in the surrounding soil moisture or other
electrolyte solution:

Fe (iron) ~ Fe**(aqueous) + 2¢

The released electrons pass through the medium of least resistance (usually the pipe) and react
with free oxygen at the cathode site. If conditions at the cathode site are acidic, the reaction will
proceed as follows:

0, +4H" + 4¢ - 2H,0
If conditions at the cathode site are neutral or basic (alkaline), the reaction becomes:
0, + 2H,0 + 4¢ - 40H

The ionic solution containing the Fe** ions may further react to form Fe,O, (rust), which may
coat the surface of the metal, retarding the corrosion rate. Other reactions may occur in oxygen
deprived mediums, or if other metals are present. Typically, localized areas on the culvert
surface will serve as the anode and the much larger portion of the culvert will provide a surface
for the much slower cathodic reaction which creates a relatively fast and localized corrosion cell.
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Electrochemical corrosion cells can be divided into three general categories (Gilmor et. al.
1989).

. Galvanic Cells
Galvanic cells are formed when two dissimilar metals are in contact with an electrolyte;
such is the case of a galvanized culvert with welded, cut, or damaged sections where the
coating is reduced or eliminated leaving portions of steel and galvanization exposed to
the soil or other medium. In this example, zinc ions will become detached from the
coating and will loose electrons causing a current to flow and reactions similar to those
shown above to occur.

. Concentration Cells

In contrast with galvanic cells, concentration cells are formed with nearly similar metals
in contact with a nonhomogeneous electrolyte. A new culvert section with no major
flaws in coating may be subjected to corrosion if the backfill soils are dissimilar. If some
clay pockets were included in a predominantly sand or silt backfill and were placed in
contact with the culvert, the culvert area in contact with the clay would become the anode
and the larger portion of the culvert in contact with the sand or silt backfill would become
the cathode, thereby causing a concentrated, discrete zone of corrosion. Likewise,
layered systems such as a culvert placed in a trench on native soil, and backfilled with
dissimilar soil may produce a concentration cell. ~Nonhomogeneous soils are
commonplace and non-homogeneity can occur by virtue of varying soil types or any
number of factors including varying moisture contents, oxygen levels, pH, etc.

. Electrolyte Cells
Electrolytic cells are driven by an external source of electrical energy (stray current) and
are therefore not as common in culvert corrosion as concentration cells and galvanic cells
in creating a corrosive environment.

Other corrosion cells include biochemical, stress/fatigue, and crevice (Gilmor et. al. 1989).
These conditions are not as common, but are possible causes of culvert corrosion.

Factors Affecting Corrosion

Corrosion cells can develop under various conditions and many factors affect the extent and rate
of reactions. The primary environmental factors are electrical conductivity (resistivity), moisture
content, pH, aeration, and the presence of microbes (Bradford, 2000). However, some additional
factors that influence corrosion are: '

. Soil chemistry (mineralogy)

. Texture, structure, and homogeneity
. In situ soil density

. Clay content/composition
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. Buffering capacity

. Soluble salt content

. Cation exchange capacity (CEC)
. Differences in soil potential

Soil conditions are rarely homogeneous and are nearly always in flux, particularly in drainages.
By virtue of their purpose for carrying water for either storm drainage or routing of an existing
waterway, culverts are commonly subjected to large variations in soil moisture, oxygen content,
and soil chemistry. Therefore, by design, culverts are a likely candidate for corrosion. Some of
the major factors contributing to a corrosive environment are further discussed in the following
paragraphs:

. Resistivity

Resistivity is probably the most commonly used indicator of corrosivity and is derived
from the resistance of current flow through the soil medium. Resistance is a material
property dependent on dimension, material composition, and temperature. The
dimensional units of resistance are [p 1 t'] where p=the magnetic permeability of a
vacuum, I=length, and t=time: the practical unit of resistance is the ohm. Resistivity is a
proportional quantity equal to the resistance that a known volume of a substance offers to
the passage of electricity and is defined by the following equation:

A
= R4
P /
where p=resistivity, R=resistance, A=area, and l=length. Typically, resistivity is
recorded in units of ohm-cm.

Resistivity can be measured in situ or in the laboratory from samples collected from the
field. Laboratory resistivity measurements can be accomplished by either remolding
prepared soil samples into a box with integrated electrodes of known area and spacing,
and recording the soil resistivity directly with a soil resistivity meter, or by preparing or
extracting an aqueous solution from a soil/water dilution and reading the electrical
conductivity (EC) of the liquid. In situ measurements are commonly performed by
driving conductive electrodes into the soil at a known spacing or area. By applying a
known voltage potential to the outer electrodes and measuring the current flow at the
inner electrodes, a bulk or average resistance value can be calculated. Electrode shapes,
spacings, and configurations may be varied for application; however, the Wenner 4-pin
configuration is typically used for engineering purposes. Because this test provides an
average resistivity value, all components of the soil are averaged into the final resistivity
value. The presence of cobbles/boulders, voids, frozen earth, and the moisture content at
the time of testing will influence the resistivity value. Therefore, a few measurements
taken over a short time period may not provide an accurate design parameter. To provide
confidence in the test results, many readings taken at different seasonal soil-moisture
conditions must be provided for accurate design parameter determination. Because this
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research project could not incorporate seasonal readings, laboratory methods were chosen
for resistivity determination.

There are many testing apparatuses and test methods for arriving at a resistivity value:
laboratory test methods used in this project are discussed subsequently in more detail. In
addition to a variety of test methods, many factors influence the determination of
resistivity. Moisture content, density, temperature, and measured constituents all have a
substantial impact on the resistivity value and are also discussed subsequently.

Resistivity is an important factor in assessing corrosion potential. The information
obtained from resistivity measurements is typically interpreted in a general sense: low
resistivity values indicate low impedance and high current flow, whereas high resistivity
values indicate high resistance to the passage of current. However, some corrosion
assessments use resistivity values directly in mathematical relationships to predict metal
loss or pipe life. Figure 1 suggests one of several possible variations (depending upon
author/publication) for general assessment of corrosion potential based on soil resistivity:

Resistivity Range Steel Years to Penetrate
ohm-cm Corrodibility Sheet Steel
<500 very severe 1-5
500-1,000 severe 5-10
1,000-2,000 severe to moderate 10-15
2,000-5,000 moderate to slight 15-20
5,000-10,000 slight >20
10,000-1,000,000 slight to none
Figure 1 Corrosion Assessment Table reproduced from Practical Handbook

of Corrosion Control in Soils (Bradford, 2000)

Depending on the source, the break in resistivity values between a corrosive and
moderately corrosive environment varies considerably. For example, the break between
a corrosive and a mildly corrosive condition occurs at approximately 2,000 ohm-cm as
shown in the table above as compared to 5,000 ohm-cm from a scale published by the
Cast Iron Pipe Research Association (Corrosion Potential 1970). In the 1940's, a
resistivity threshold of 10,000 ohm-cm was accepted for design; however, studies within
the last decade have shown that corrosion due to bacteria, dissimilar metals, oxygen
concentration cells, and other factors can create a corrosive environment even near the
10,000 ohm-cm threshold (Fitzgerald, 1993). Due to the variability of methods and
scales, interpretation of resistivity is typically selected and adapted by local practice or
experience.

. pH
Although resistivity is generally considered a good indicator of corrosive potential, in
acidic soils, pH also has a significant effect (Bradford, 2000). Acidity can have multiple
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effects on the soil/metal interaction. By increasing the free H" concentration, corrosion
reactions may be accelerated, and general soil chemistry and biological factors may be
altered thereby affecting soil corrosivity. Measurements of soil acidity can be
determined as active, exchangeable, or hydrolyzing. Typically, some dilution of soil and
water are collected from a site and a standard pH meter is used to obtain acidity data.

. Moisture Content, Drainage, and Aeration

Moisture content, drainage, and aeration are complex parameters that can influence the
corrosivity of a particular environment. Due to the nature of culverts, moisture content
and aeration are likely to vary along the length of the culvert and also will vary with
seasonal water flow and peak drainage demands. Water flow can carry ions from
surrounding soils through a seemingly inert soil backfill; for example, a sand material
with a high resistivity used as a pipe backfill can become a corrosive environment due to
transport of minerals through groundwater flow. Likewise, the homogeneity of a soil
backfill may be altered by varying fluid flow and differences in moisture content and
aeration within the influence area of the pipe. Anodic conditions can develop near the
bottom of a culvert resting on moist or saturated, poorly aerated native soil when the
backfill near the invert is aerated and less moist.

It is suggested that the corrosivity of an environment becomes significantly less when the
ratio of moisture to porosity is less than 20 percent (dry conditions) or greater than 80
percent (near saturation) (Bradford, 2000). However, soil resistivity is also dependent
upon moisture content; resistivity generally decreases with increasing moisture content
and increasing concentration of dissolved ions in the soil moisture. Therefore, even if
soils become saturated and less oxygen is available, the bulk soil resistivity may become
lower and lead to corrosive conditions. These conditions are difficult to assess and are
likely to vary considerably around a culvert section subjected to seasonable changes.

Biological corrosion may also be enhanced in moist, poorly drained soil conditions that
can occur in pipe backfills near the center of the culvert section. These particular
conditions provide a suitable environment for sulfate-reducing bacteria and other,
anaerobic bacterial colonies. Redox potential is an indicator of possible environments for
growth of anaerobic bacteria. Low and negative redox potentials may be indicative of
this type of corrosive environment.

. Soil Chemistry/Composition

Textural assessment of soils is often used as a guideline for identifying potential
corrosive environments. Clay and organic soils are typically more corrosive than
granular soils. Also, disturbed soils are likely to be more corrosive than undisturbed,
native soils. Soil chemistry is also used in corrosion analysis. High concentrations of
calcium and magnesium carbonate may reduce corrosion potential by increasing pH and
creating a protective film or precipitate on the metal surface (Bradford, 2000). High
chloride and sulfate concentrations typically indicate more corrosive environments.
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It should be stressed that the corrosivity of an environment is based on multiple, independent
(and interdependent) variables and their interaction. No single parameter dominates the
corrosion process, and therefore a combination of individual indicators is needed to accurately
evaluate the corrosive potential of a particular environment.

Corrosion Assessment

The inherent complexity of soil corrosion creates great difficulties in estimating a reasonably
valid service life prediction for a given site. No single corrosion contributing factor can be
utilized to assess corrosion potential of a metal pipe/soil system. At the present, corrosion
assessment is typically based on experience; no singular, standardized methodology is used in
highway departments or private consulting firms.

A vast collection of current literature on corrosion of steel piling and bridge safety, rehabilitation
and replacement can be obtained in technical journals, design manuals, and other research
oriented papers; however, few papers relating to the corrosion of steel culvert sections have been
published. Corrosion of culverts has typically received less attention than bridges, primarily due
to the significantly lower budget and profile (Dively 1992). Nevertheless, premature corrosion
of culvert sections may present safety risks and certainly increases maintenance costs and, in
some cases, requires replacement before the required service life.

Different sources site varying methods of assessing corrosion potential. These diverse methods
consider different parameters including chart solutions, numerical methods, statistical
correlations, and general “rules of thumb”. Some of the methods are described below:

. Chart Solutions

Graphical chart solutions typically relating soil resistivity, pH, and steel gage have been
published by the Transportation Research Board (NTL, 1978), the American Iron and
Steel Institute (AISA, 1994), and the California Department of Transportation
(NTL,1972). These charts contain resistivity on a log scale, pH as turning lines and pipe
life on an arithmetic scale, with a multiplier to account for gage thickness. The Utah
Department of Transportation also published a graphical chart solution (Leatham,1977)
relating soluble salts, pH, and resistivity to life expectancy scales for different pipe
classes (coatings).

. Statistical Correlations
In 1991, Corpro Companies, Inc. prepared a report entitled “Condition and Corrosion
Survey on Corrugated Steel Storm Sewer and Culvert Pipe” for the National Corrugated
Steel Pipe Association (Bushman et al., 1991). This report included development of a
spreadsheet that would predict an average service life (which is defined in their work as
the time to first perforation multiplied by a factor of two) for a steel section with given
pH, resistivity, moisture content, and chloride ion concentration. The spreadsheet
reportedly uses a statistical relationship based on a population of data collected by
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Corpro and others. Neither the spreadsheet, mathematical manipulation, or other
information was made available to NTL upon our request to the authors, Corpro and
Warren Rogers Associates, Inc.

. General “Rules of Thumb”

Numerous rating scales can be found in literature relating singular parameters such as
resistivity to a general corrosion category. An example of this treatment is shown in the
section Factors Affecting Corrosion of this paper. More complex rating systems
requiring input from several contributing factors are available through such sources as the
METALogic website (Bogaerts, 1988) and the publication Practical Handbook of
Corrosion Control in Soils (Bradford, 2000). These rating systems assign point values to
factors such as resistivity, pH, sulfides, redox potential, and moisture content. The points
are totaled and applied to a scale that rates the relative corrosivity of the environment.

. Selected Department of Transportation Methods
The Wyoming Department of Transportation uses the Caltrans method of resistivity
testing and uses galvanized steel culverts in all areas with resistivity values greater than
1000 ohm-cm and pH greater than 6 (Branson et al., 2000). The culverts are expected to
have a minimum design life of 25 years. If resistivity values of less than 1000 ohm-cm,
or if pH values are lower than 6, the Department considers concrete pipe or in some
cases, alternate pipe coatings.

The Idaho Department of Transportation uses the same resistivity criteria as the
Wyoming Department of Transportation; however, design service life is expected to be
75 years (Stanley, 2000). The Idaho Materials Bureau reports several pipe failures not
meeting the desired 75 year service life.

The Montana Department of Transportation uses a modified AISI algorithm for
estimating the average service life of culvert sections (MDT, 1996). This method
consists of a mathematical solution for pipe life based on resistivity alone for pH values
greater than 7.3, and resistivity and pH for lower pH values. Resistivity values are
currently determined from a 1:2 soil and water dilution. The average service life is then
multiplied by a specified factor to correct for varying steel gages and pipe coatings.
These equation solutions are limited by a set of culvert service life guidelines outlined in
the MDT Culvert Design Manual (MDT, 1996).
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Statewide Corrosivity Research Project

Due to the frequently observed inadequate service life of some metal culvert installations
(designed under the current MDT culvert selection procedures) and the costs of repairing or
replacing these culverts, MDT has been searching for improvements to their current corrosion
design methodology. NTL has, therefore, been selected to conduct research to evaluate culvert
selection methods as a function of observed culvert conditions and testing as applicable to a
number of installations across the state. The scope and intent of this research has been discussed
previously, but generally was intended to provide recommendations on soil sampling techniques,
corrosion assessment testing, and design philosophy for metal culverts.

Sampling

For the purpose of collecting a wide range of soil samples from culvert areas throughout the
state, the services of the five MDT District Offices was sought. During the sampling phase of
this research, each MDT District Office collected samples based on a selection criteria and
sampling procedure prepared by NTL. The site selection and sampling procedures are included
in Appendix A and are briefly summarized in the following paragraphs:

. Test Site Selection
The intent of this project was to collect samples encompassing a wide range of soil
conditions through a statewide sampling program; therefore, each District was
encouraged to select suitable sample locations generally targeting the following criteria:

Areas of Poor Culvert Performance

These areas were defined as having historically documented poor culvert
performance relating to corrosion of corrugated steel culvert pipes. The intent of
selecting these areas was to collect soil samples from in-place culverts that have
or were in the process of reaching the end of their serviceable life, preferably
before the expected (designed) service life.

Areas of Fair to Good Culvert Performance

These locations were to be selected from areas that had long-term historical data
indicating a generally low corrosive environment for the purpose of including a
range of corrosive to non-corrosive environments.

Historically Identified “Hot” Areas

This category was added in the event that a particular District could not identify
prematurely corroded culverts, but had identified certain areas as potentially
highly corrosive environments. These areas would likely include buried metal
installations (ie. signposts, driven piling, etc.) that have shown signs of corrosion
although no culvert sections may be present.

10
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Areas of Proposed New Construction/Borrow

This category was also

included

to

provide

samples

from a
realignment/rehabilitation construction project currently in planning or progress.
This type of area would likely include historical data from existing culverts.

Locations meeting the requirements of the first two culvert performance criteria (“poor”
and “fair to good”) were to be given high priority in test site selection. However, other
locations of particular interest to the districts could also be considered based on
collaborative review of applicability by MDT and NTL.

Upon selection of appropriate test sites, a Sample Log sheet was completed by District personnel
for each test location. These log sheets contained information on general site conditions, culvert
specifications/condition, sampling locations/descriptions, and additional site specific information
observed during sampling. Log sheets submitted by the District Offices are included in Appendix
B. A summary of site locations and culvert information (as reported by MDT) is given below

(Figure 2)

MDT MDT Site County
District Identification

1 D1-81
D1-82
D1-S3
D1-S4
D1-S85
D1-S6
D1-87

(O Y Y U N N N N O A T T T I T T o T i S e S
v}
»
7]
IS

Figure 2

Missoula
Missoula
Ravalli
Sanders
Sanders
Lake
Lake
Lincoln
Lincoln
Lincoln
Flathead
Sanders
Flathead
Flathead
Flathead
Madison
Madison
Meagher
Meagher
Teton
Chouteau
Teton
Carter
Valley
Prairie
Prairie
Yellowstone
Petroleum
Carbon
Carbon

Highway

US 93
MT 200
US 93
MT 35
MT 28
MT 212
MT 5
Us2
US 93
Us 93
MT 40
MT 28
MT 82
MT 83
JCT 35
MT 41
MT 41
US 89
US 89
115
R 22B
I15
MT 323
MT?2
194
194
190
MT 200
MT 310
MT 78

Milepost/
Station
71
7.7
42.1
13.1
12.9
5.7
93
76
185.5
163.8
22
20.8
1.4
87.25
45
45
50.3
40.1
45.7
303
342
301.4
793+39.44
580.7
174.8
556+29.66
485.54
147.95
357
19.8

Culvert Condition

Type
CSp
CSP
CSPp
CSP
CSp
CSP
CSP
CSp
Csp
CSp
CSP
CMP
CMP
CMP
CMP
CSp
CSp
CSP
CSP
CSp
CSP
CSp
CSp
CMP
CSAP
CSp
SSPPA
SSPPA
CSp
CSP

Fair
Good
Good
Good
Good

Fair

Fair
Good
Good
Good
Good

Fair
Good
Good
Good
Poor

Fair
Poor
Poor
Poor
Good
Good
Poor
Poor
Poor
Poor
Good
Poor

Fair
Good

Coating

asphalt
blakclad
Bituminous
galvanized
galvanized
galvanized
galvanized
none
none
none
none
none
none
none
none
galvanized
galvanized
galvanized
galvanized
galvanized
epoxy
galvanized
galvanized
galvanized
galvanized
galvanized
black mastic
galvanized
galvanized
galvanized

Length
1
120
60
300
50
80
100
45

92.8
52
150
152
120
54
130
100
48
56
58
44
200
194
75
176
74
80
282
222
164
116
64

Summary of Site Locations and General Culvert Information

11

Diameter
(in)
108 x 60
24
54
24
36
24
108 x 72
24
24
24
24
120
24
72
48
24
69 x 48
18
24
30
36
12
40
30
27
60
128 x 83
138
72
78 x70

Age

om)
20
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Collection of at least 16 soil samples from approximately 4 different site locations was requested
from each District Office. Specific sampling techniques and sample location selection criteria
were outlined in our Sampling Procedure documentation provided in Appendix A. It was
required that soil samples be representative of the environment in question and natural moisture
content at the time of sampling be preserved by prompt collection and sealing of sample bags.
Additional sampling included water samples and culvert coupons in selected locations.
Photographs were included for most test locations. Representative photographs are included in
Appendix C.

Testing

For this research project, resistivity, pH, sulfate, and chloride testing was performed to assess
corrosion potential. Although several other parameters may be used in the evaluation of
corrosion potential, these four common parameters were selected as practical, necessary
parameters for corrosion assessment. Published methods including AASHTO T288 (American
Association of State Highways and Transportation Officials, 1998), ASTM G57 (American
Society for Testing and Materials, 1995), and Caltrans 643-C (State of California, Department of
Public Works, 1972) were considered for the determination of soil resistivity. Results of
previous research conducted by NTL suggests the AASHTO test method is the most reasonable
and widely used of the published methods currently used in practice. The Caltrans method is
similar to the AASHTO T288 method, however, it does not specify a seasoning or equilibration
time. The ASTM G57 method for soil box testing uses a 24 hour minimum recommended
seasoning time; however, this method tests only one moisture content at a nearly saturated
condition rather than testing several points to establish the minimum resistivity. The AASHTO
T288 treatment was therefore chosen for this project, since an equilibration time is specified for
solute transport to occur and the lowest margin of error in terms of moisture content and density
variations occurs near saturation where the minimum resistivity is often found.

The bulk soil samples recovered during the field investigation were transported to our laboratory
where they were carefully inventoried and given individual identification numbers. The samples
were thoroughly mixed and single-point, as-received resistivity and moisture content testing was
performed. The samples were then air dried, re-mixed, and mechanically split into several
smaller portions for additional laboratory testing. Atterberg limits (ASTM D4318), particle-size
distribution (ASTM D422 and D1140), and minimum resistivity (AASHTO T288) testing was
performed on all samples. Where applicable, additional resistivity testing was conducted with
water collected from the particular site. Individual samples were also split and shipped to the
MDT Materials Laboratory in Helena and to the MSU Soil Testing Laboratory in Bozeman. The
MDT Materials Laboratory ran their own in-house corrosivity test battery including 1:2 dilution
conductivity, pH, marble pH, sulfate, and chloride testing (Buell et al., 2001). Additional
conductivity testing (1:1 dilution and saturated paste) and water sample conductivity testing was
also conducted by the MDT (Buell et al., 2001). Test results are provided in tabular form in
Figures 13 to 19 of Appendix D. A brief description of the testing is provided in the subsequent
paragraphs.

12
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The MSU Soils Testing Laboratory (MSU) located in Bozeman, Montana was chosen to provide
quality control testing for NTL and the MDT Materials Laboratory. Approximately 15 percent
of the samples tested for this study were sent to the MSU laboratory for conductivity, resistivity,
pH, sulfate, and chloride testing (Gavlac et al., 1994 and Diamond, 1994).

. Soil Box Resistivity Testing

As-Received Resistivity Testing

Upon receiving the samples from each of the District Offices, the samples were mixed at
field moisture and compacted into the soil box to obtain an as-received resistivity value
prior to processing and splitting for other testing. Soil samples containing gravel were
screened over a No. 4 sieve, whereas sand and clay soils were mixed and tested with no
further processing. The purpose of obtaining an as-received resistivity value was to
collect a “snapshot” of the sample resistivity at natural moisture content with reduced
disturbance created by mixing and drying.

AASHTO T288 Testing

Once the as-received resistivity testing was complete, the samples were screened to
remove particles retained on a No. 10 sieve and air dried to prepare the samples for
AASHTO T288 testing. Approximately 1500 grams of air-dried soil was then placed in a
plastic beaker, combined with 150 grams of distilled water, and allowed to season
overnight. The seasoned sample was then placed, with moderate finger pressure, into the
soil box and the resistivity recorded. The soil from the box was then re-mixed with the
rest of the sample and an additional 100 grams of water added to the sample. The
AASHTO T288 test method requires repeated testing of the sample with cumulative,
incremental water addition until a minimum resistivity has been obtained.

When plotted against moisture content, the AASHTO T288 resistivity points produce a
generally smooth curve sweeping through a resistivity range that may span several orders
of magnitude. This curve typically has a steep negative slope in the range of possible
field moisture conditions, but levels off near saturation. Beyond saturation, the resistivity
increases slightly and is presumed to reverse curvature and reach an asymptotic value of
the characteristic resistivity of pure, distilled water as the soil is diluted to a
supersaturated solid suspension. Small changes in moisture content for relatively dry soil
samples will produce large changes in resistivity; however, small changes in moisture
content for samples near saturation will produce smaller changes in resistivity.

The resistivity reading for each moisture addition is also a function of soil density. At a
given moisture content, the resistivity of a sample can be varied by changing the amount
of soil placed in the soil box. For samples with a moisture content below saturation,
resistivity will decrease with increased density. The decrease in resistivity is not linear
and will change more rapidly between a loose and medium dense condition than between
a medium dense to dense condition. The “moderate finger pressure” specified by

13
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AASHTO T288 is somewhat subjective and is dependent on the operators interpretation;
however, near saturation where the minimum resistivity is typically reached, relative
density makes very little difference as more of the pore space is occupied by water and
cannot be compressed to a higher density without expelling water.

. Analytical Resistivity Testing

Saturated Paste Conductivity (Resistivity)

A saturated paste conductivity test utilizes a conductivity probe rather than a soil box to
arrive at a resistivity value. Soil is prepared by placing approximately 250 to 500 grams
of air dried soil into a beaker and adding water to the soil until three criteria are met: a
light “sheen” of water should glaze the surface when shaken vigorously from side to side,
the soil should retain near vertical walls with slight collapse when a small soil spatula is
struck through the soil, and a fraction of soil placed on the side of the blade should
“flow” from the blade when inclined from the horizontal plane. Once these criteria are
met, the soil/water paste is allowed to sit for 24 hours and the water is extracted through a
high flow rate filter paper using a Buschner funnel attached to a vacuum chamber.
Electrical conductivity (E.C.) is measured from the extract and can be readily converted
to resistivity. Alternately, the electrical conductivity probe can be inserted directly into
the soil paste without extraction to obtain a conductivity. The procedure for preparing a
saturated paste is described in many soil testing manuals such as the Methods of Soil
Analysis (Page et al., 1982).

Soil/Water Dilution (1:1, 1:2, 1:3, etc.) Conductivity (Resistivity)

For this type of test one part of air-dried soil is combined with one or more parts water to
reach the desired dilution factor. The proportions of materials (water and soil) are
typically measured by weight, however, some test procedures (such as the current MDT
method) are measured by volume. The mixture is then shaken for a given time period
(typically 30 minutes), allowed to settle, and electrical conductivity is measured on the
solution directly with or without filtration. The resulting conductivity value is likewise
converted to resistivity.

. PH, Sulfate, and Chloride Testing

Soil acidity/basicity can be measured on soil water extractions or dilutions and may
provide a measure of active, hydrolyzing, or exchangeable acidity. Soil is usually
prepared as a saturated paste or dilution and measurements taken with a glass/calomel
electrode. Exchangeable acidity (more commonly referred to as total acidity) is probably
the most common measurement; however, slightly lower pH readings may be obtained
since total acidity also measures hydrogen atoms that are loosely bonded to metallic
cations. Exchangeable acidity testing was conducted by MDT and MSU.
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Sulfate and chloride concentrations may also be obtained by several different methods
using different extraction mediums and concentrations with different detection methods.
For corrosivity analysis ASTM and AASHTO procedures are commonly used for the
determination of chloride and sulfate concentration.
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Discussion of Testing, Analysis, and Results

Complete results of the index property, resistivity, sulfate, chloride, pH, and quality control
testing are provided in Appendix D and Appendix F. Discussions regarding the quality of
resistivity and sulfate/chloride/pH testing is provided in the subsequent sections.

Resistivity Testing
All four of the resistivity test methods conducted for this study were found to provide a different
resistivity value for the same sample. For comparison purposes, the following graph (Figure 3)

shows the analytical test results (as reported by MDT) plotted against the minimum resistivity as
determined by NTL.
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40000
( \ [ ]
A
35000 Saturated Paste
~ [ ]
& 30000
Q 1:1 Dilution
5
=
S 25000}~
E\ 1:2 Dilution ®
g N y,
vy 20000
'g ] ]
n{‘ 4]
— ®
.g 15000 % =
® ®
g . s
10000 —& =
- sr el e
] o
= 3 a4 : —T1
= —1
5000 P
i A& ol
a " A

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 13000
AASHTO T288 Min. Resistivity (ohm-cm)

Figure 3 Comparison of Resistivity Test Data
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The data markers, presented as triangles, circles, and squares, show the resistivity (on the y-axis)
obtained by saturated paste, 1:1 dilution, and 1:2 dilution test methods respectively; therefore,
each sample is represented by a vertical set of three data markers. Each vertical set of data
markers is plotted against the corresponding AASHTO T288 minimum resistivity for that
sample. The line represents the AASHTO T288 minimum resistivity on the y-axis. For
example, sample D1-S5 had an AASHTO T288 minimum resistivity of 8,800 ohm-cm, a
saturated paste resistivity of 9,174 ohm-cm, a 1:1 dilution resistivity of 10,101 ohm-cm, and a 1:2
resistivity of 18,867 ohm-cm. From 8,800 on the x-axis (minimum resistivity) the data set for
each of the analytical resistivity tests can be found in a vertical projection above the x-axis at
their corresponding resistivity values on the y-axis. For the majority of the samples, the
AASHTO T288 minimum resistivity found the lowest resistivity of the methods used for
resistivity testing.

To further illustrate the variability of test results for relatively low resistivity soil samples tested
by the MDT procedures and AASHTO T288, Figure 3 has been reproduced below (Figure 4) and
re-scaled to show only samples with minimum soil resistivity (as determined by AASHTO T288)
of 2,750 ohm-cm or less. Each shaded, square marker on this graph corresponds to a single
sample whose AASHTO T288 minimum resistivity is obtained from the vertical projection to the
x-axis and whose

MDT 1:2 resistivity is AASHTO T288 vs Chemical Analytical
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horizontal projection 1000 J—L“ e )
to the y-axis.  For o ©lm
example, two of the 6000 Saturated Paste u
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The major differences in the analytical conductivity testing methods employed for this project
are the amount of water added to the soil and the equilibration time. Saturated paste moisture
contents vary with soil texture--that is, fine-grained soils will have a higher gravimetric moisture
content than coarse-grained sand soils. Dilution methods (1:1 and 1:2) are typically prepared by
adding one or two parts of water to one part of soil (by weight); therefore, the gravimetric water
contents are equal for all soil textures. In the case of dilution methods prepared on a volumetric
basis, however, gravimetric water contents will vary in relation to the specific bulk density of the
soil and will therefore will vary slightly for different soil textures. At moisture contents well
above saturation, conductivity will generally decrease, and resistivity will increase as more water
is added (approaching 1:1 and 1:2 dilution moisture contents). Therefore, for the analytical tests,
the saturated paste should give the lowest resistivity followed by the 1:1 dilution with a higher
resistivity and 1:2 with the highest resistivity. This trend of increasing resistivity can generally
be seen in Figures 3 and 4 as square markers are typically higher than circle markers which, in
turn, are higher than triangular markers. The conductivity/resistivity data submitted by MDT
generally follows this pattern; however, approximately 10 percent of the 1:1 dilution resistivity
results were higher than the 1:2 dilution results and 28 percent of the saturated paste resistivity
values were higher than the 1:1 dilution resistivity values. Therefore, some fundamental
inconsistency may be present with the currently used test method.

Quality control tests were performed by MSU to evaluate reliability and reproducibility for the
testing methods used for the study. Quality control samples were split from the same mixed
sample as were sent to MDT for testing, and should therefore be expected to produce similar
results independent of the individual laboratory equipment and laboratory technician. A
graphical comparison of test results from the MDT and the MSU test results for the quality
control samples is provided in Figure 5. The triangular, circular, and square markers denote a
single quality control sample tested by MSU and MDT by saturated paste, 1:1 dilution, and 1:2
dilution test methods respectively. Each marker corresponds to MSU determined resistivity on
the y-axis and MDT determined resistivity on the x-axis for the same sample. The solid line
represents complete agreement/correlation between MSU and MDT.

It should be noted that MSU conducted the 1:1 and 1:2 dilution testing on a gravimetric basis
and the MDT conducted 1:1 and 1:2 dilution testing based on volumetric methods. Therefore,
some subtle differences between the two testing lab results of the 1:1 dilution and 1:2 dilution
tests between the MDT and MSU is to be expected due to the difference in gravimetric moisture
contents of the soil/water specimens. The saturated paste testing, however, should be similar as
the methods for these tests varied to a lesser degree between the MDT and MSU laboratories.
Testing procedures for all MDT and MSU tests have been documented and may be obtained
from MDT or NTL Engineering & Geoscience.
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Figure 5 Comparative Quality Control Data

Since the two sets of data are largely scattered, duplicate quality control samples were re-
submitted to each laboratory to show the expected reproducibility for each laboratory
independently. The comparison table (Figure 6) shows the average maximum error and the
maximum standard error between the data submitted by MDT and MSU and also shows the
errors for the comparison samples tested twice by each laboratory. An effort was made to
correlate the MSU gravimetric test results with MDT volumetric test results for the 1:1 and 1:2
dilution testing by applying a constant factor equal to an assumed bulk density for each of the
sample results. Bulk densities of 0.9 to 1.5 were assumed for the range of textural
classifications. This correlation correction did not significantly alter the average or maximum

standard error shown in Figure 6.

19



Statewide Corrosivity Study on Corrugated Steel Culvert Pipe NTL Engineerin& & Geoscience

MDT vs MSU MDT vs MDT MSU vs MSU
paste  1:1 1:2 paste 1:1 1:2 | paste 1:1 1:2
Avg Max Std Err 227.1 563 49.2 176 177 385 | 241 56 281
(%)
Max Std Err (%) 538.6 153.2 194.7 652 66.8 342.0 781 87 66.3

Figure 6 Standard Error of Chemical Analytical Resistivity Test Data

Due to the variability of test results, the errors were calculated by dividing the absolute value of
the difference between the two results by the average of the results. Average standard errors of
these magnitudes are substantially higher than would be expected since testing procedures were
nearly identical for the duplicate testing and may indicate that there are inherent problems with
the test procedure. Errors could also be attributed to machine calibrations, temperature
corrections, or laboratory technique. For resistivity values greater than about 5,000 ohm-cm, a
difference in resistivity values of about 40 percent would not likely change the pipe selection in
an analysis because soils with resistivity values greater than 3,000 ohm-cm are typically not
considered corrosive to plain, galvanized steel. However, below 5,000 ohm-cm and particularly
near 2,500 ohm-cm, a difference in results even as low as 10 percent can potentially lead to
erroneous design conclusions and the designer may select a pipe that will not perform as
required for the actual conditions. As can be seen from Figure 6, the average maximum standard
error is substantially greater than 10 percent.

As a further check of possible equipment error, four standardized solutions of potassium chloride
(with known conductivity properties ranging from 8,974 uS (111 ohm-cm) to 84 pS (11,905
ohm-cm)) were purchased from Fischer Scientific. These standard solutions were sent to MDT
and MSU and each laboratory ran conductivity testing on the samples. Both laboratories
submitted fairly consistent resistivity results with an average standard error of 7.5 percent. Since
the standards were aqueous solutions and the error was much less as compared to the resistivity
of the soil samples, it is likely that the abnormal standard error percentages described above may
be more closely attributable to sample preparation than equipment error.

Quality control testing for the AASHTO T288 Resistivity was also conducted by MSU. Eight
samples were shipped to MSU along with the NTL soil resistivity meter and soil box. Figure 7
shows the AASHTO T288 minimum resistivity as determined by NTL versus the AASHTO
T288 minimum resistivity reported by the MSU. Since NTL equipment was used for the quality
control testing, the results are not a comparison of different soil boxes or meters, but rather are a
check on sample preparation, machine calibration, and individual technician technique.

Quality control testing for all three laboratories indicates that the AASHTO T288 test method is
more repeatable between independent laboratories than the analytical resistivity methods. The
average maximum standard error and the maximum standard error calculated from the soil box
quality control samples were approximately 7 and 25 percent respectively; substantially lower

20



Statewide Corrosivity Study on Corrugated Steel Culvert Pipe NTL Engineering & Geoscience

than the error calculated for the 1:2 conductivity testing. Since MSU had not had any experience
with soil box resistivity testing, it appears that a laboratory with little or no experience with this
testing method and/or equipment can utilize the AASHTO T288 test method (and required
equipment) with reasonable confidence and accuracy.
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Figure 7 Quality Control Testing for AASHTO T288 Soil Box
Resistivity Testing

pH, Sulfate, and Chloride Testing

Exchangeable acidity measurements from MDT and MSU prepared from saturated paste, 1:1,
and 1:2 dilutions were comparable in magnitude and did not appear to vary enough to change
pipe life predictions to a large degree. The methods used by MDT appear to be practical and
sufficient for corrosivity determination.

Sulfate and chloride test results from MDT and MSU showed more variance than the resistivity
testing. The difference between values for these parameters were such that no correlation or
explanation can be given as to the factors affecting magnitude nor potential causes for the
differences in values reported by each laboratory. For consistency and credibility, the ASTM and
AASHTO procedures should be used for determination of chloride and sulfate concentration.
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Culvert Life Predictions

Culvert conditions at each test site were recorded by MDT District personnel during the sampling
phase, and where possible, specific information about pipe coatings and age were noted. Using
this information and resistivity test data measured by current MDT and AASHTO T288 test
methods, Figure 8 has been produced to relate existing pipe condition with each resistivity test
method.

AASHTO T288 MDT 1:2
Culvert | Resistivity |  Culvert Age Range (years) Culvert Age Range (years)
Condition | Range 0-25 25-50 50+ 0-25 25-50 50+
(ohm-cm)
good |<250 3 6 0 2 1 0
>2500 9 4 0 10 9 0
fair <2500 0 4 0 0 1 0
2500 3 2 3 3 5 3
poor |<250 9 31 11 7 28 7
>2500 0 0 1 2 3 5

Figure 8 Number of Resistivity Tests Within a Given Resistivity Range
for a Specified Culvert Condition

In general, one would expect poor pipe conditions in nearly all age ranges for low resistivity
values (less than 2500 ohm-cm) and good culvert conditions for high resistivity values (greater
than 2500 ohm-cm); although some divergence could be expected for very young culverts in a
resistivity range of less than 2500 ohm-cm and very old culverts in a resistivity range of greater
than 2500 ohm'cm. For the poor culvert condition shown above, 51 of the samples had a
resistivity of less than 2500 ohm-cm and only 1 of the samples (greater than 50 years old)
exceeded that value as determined by the AASHTO T288 test method. Comparing these with the
MDT 1:2 resistivity test method, only 42 samples had a resistivity less than 2500 ohm-cm and 10
samples from all age ranges exceeded 2500 ohm'cm. Five of the samples tested from poor
culvert conditions less than 50 years of age had MDT 1:2 resistivity values greater than 2500
ohm-cm which would indicate that galvanized steel culverts should provide acceptable service
lives by current MDT design procedures, whereas none of the AASHTO T288 procedure would
rate any of the five acceptable for galvanized steel. Grouping by resistivity range, culvert
conditions listed as fair were similar for the two methods. For culverts listed in good condition,
the number of samples with AASHTO T288 resistivity values less than and greater than 2500
ohm-cm were 9 and 13 respectively, while the MDT 1:2 resistivity results were counted at 3 and
19 respectively. By inspection it would appear that the 1:2 method correlates better than
AASHTO T288 for culverts classified as maintaining a good condition; however, 6 of the 9
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samples with AASHTO T288 resistivity values less than 2500 ohm-cm were coated with epoxy
or black mastic. It therefore appears that the coating is of clear benefit since the 6 samples taken
from coated culvert pipes that were in good condition had resistivity values of less than 2500
ohm-cm. From analysis of data taken from the table, the AASHTO T288 test method appears to
show a stronger, single-variant relative prediction correlation to observed pipe condition than the
1:2 dilution method currently used by the MDT.

The process of corrosion, however, is not driven by a single parameter and therefore analysis
procedures have been expanded to account for more than one measured soil property. Soil pH is
a widely used corrosion indicator and is incorporated in the current MDT design life analysis. To
account for the effects of soil pH in the corrosivity analysis, the current design procedure used by
MDT was used to give a predicted pipe life for further comparison of the resistivity test methods.
The MDT design procedure consists of calculating a design service life from equations published
by AISI, and presented in the MDT Design Manual (MDT, 1996), and using resistivity thresholds
and pH ranges to specify acceptance of steel pipe and select steel coatings. For each sample and
set of resistivity values (1:2 and AASHTO T288), pipe life estimates were calculated from the
AISI equations:

Service Life (years) = 2.94 R**' — for soil with a pH > 7.3
or

Service Life (years) = 27.58 [Log,, R-Log;, (2160-(2490 Log,, pH)) — for soil with a
pH<7.3

where R is the resistivity value in ohm-cm and pH is the value of the soil pH reading. Pipe
selections were based on use of steel culverts with galvanized, bituminous, or polymeric coating
since these were the only types of culverts at the test locations. Figure 20 of Appendix E shows
tabulated results of the MDT design criteria analysis for each sample with pipe
recommendations, estimated life, and percentage of life used based on pH results by the MDT
laboratory and resistivity results from the AASHTO T-288 and 1:2 dilution test results. Where
“no steel” appears in the recommendations column, the design criteria does not allow galvanized,
bituminous, or polymeric coated steel pipe. The last column shows where pipe selection
recommendations differ between the AASHTO T288 and 1:2 resistivity values used for pipe
coating prediction.

By using resistivity data from MDT measured 1:2 dilution (the current MDT practice) and
AASHTO T288, the analysis returned two independent service life predictions and pipe type
selection for each soil sample. Of the 87 test samples, 37 percent of the recommendations
differed depending upon the method used for determining resistivity. A comparison summary of
some of the results is given in Figure 9.
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AASHTO MDT 1:2

Comparison Parameter T288

number of test samples 87 87
recommendations different than in place pipe 69 58
recommendations:

no steel 32 25
bituminous/polymeric 22 15
fiber-bonded 8 4
galvanized 25 43

Figure 9 Comparison of Pipe Recommendations Using AASHTO T288
and MDT 1:2 Resistivity Results

The differences in recommended culvert treatments for in-place galvanized steel culverts are
further categorized in Figures 10 and 11 according to the condition rating assigned by the MDT
District personnel who conducted sampling for the study. Figures 10 and 11 show analysis based
on AASHTO T288 minimum resistivity and MDT 1:2 resistivity respectively for all galvanized
steel culvert sites with known culvert age. Each figure shows the number of samples (tested by
AASHTO T288 or MDT 1:2) for each culvert condition/age and the resulting pipe selection
recommendation per current MDT resistivity criteria. For example using the AASHTO T288 test
method and the MDT criteria for coating selection, the testing of 9 samples would recommend
galvanized steel culverts based on analysis from samples taken from good culverts that are in the
range of 0 to 25 years old.

In-Place, Galvanized | Culvert Age Recommended Treatment by AASHTO T288
Steel :
Culvert Condition | Range (yrs.) | galvanized | bitum/poly |fiber-bonded| no steel
good 0-25 9
25-50 4 2
50+
fair 0-25 1
25-50 2 3 1
50+ 3
poor 0-25 | 2
25-50 5 2 24
50+ 2 5 2 3

Figure 10  Recommended Culvert Treatments Based on AASHTO T288 Resistivity
Versus In-Place Culvert Condition for Galvanized Steel Culverts
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In-Place, Galvanized | Culvert Age Recommended Treatment by MDT1:2
Steel
Culvert Condition |Range (yrs.)| galvanized | bitum/poly |fiber-bonded| no steel
good 0-25 9
25-50 6
50+
fair 0-25
25-50 5 1
50+
poor 0-25 1 2
25-50 5 2 4 20
50+ 5 6 1

Figure 11  Recommended Culvert Treatments Based on MDT 1:2 Resistivity
Versus In-Place Culvert Condition for Galvanized Steel Culverts

For the good culvert condition sites, nearly all of the samples indicate galvanized steel to be
reliably specified. In the few instances where coatings were specified by analysis using the
AASHTO T288 minimum resistivity, and coated culverts are currently in service, they were given
a good to fair rating. There were two test samples from an epoxy coated culvert where, based on
design criteria and AASHTO T288 minimum resistivity, no steel should be used; however, the 10
year old culverts appear to be in good condition.

In the fair condition category, all of the samples tested by both AASHTO T288 and MDT 1:2
indicate galvanized or coated steel pipe is suitable for use. From the above figures, the AASHTO
T288 soil box test method and the MDT criteria appear to correlate reasonably well with
observed culvert conditions.

Most importantly, of the culvert test sites where culvert condition was classified as poor, all pipes
in service were galvanized. From the Figures above, the MDT criteria using AASHTO T288
minimum resistivity values shows that none of these sites in which the culvert has been in service
for less than 50 years are suitable for galvanized steel, whereas MDT criteria using MDT 1:2
resistivity values shows that 5 of the samples show galvanized culverts to be suitable.
Additionally, 29 of the samples tested by AASHTO T288 do not meet specifications for any steel
(coated or non-coated) as compared with the 23 samples unsuitable for steel as predicted by MDT
1:2.
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Case Study

Additional in-depth sampling was conducted at the site of two large steel culverts in District 5,
which are corroded and in very poor condition. The purpose of this case study was to obtain a
more in-depth look at one particular corrosive environment by applying the proposed analysis
and testing methods in an in-depth manner to a particular site.

Introduction

Sampling was conducted near two, 138 inch diameter by 164 foot long galvanized steel plate
culverts located on Highway 200, approximately 13 miles east of Winnett. The two culverts
selected for case study show advanced signs of soil side corrosion particularly in the upper two-
thirds of the culvert section. Numerous perforations ranging in size from 1 inch to more than 6
inches are evident in the troughs of the corrugations along the top of the culvert and equally
large and numerous holes on the culvert sides. The east culvert has experienced some loss of
structural integrity as evident by noticeable “bowing”, elliptical deformation and buckling near
the north invert. On nearly each of the corroded holes, white salt precipitates have collected and
built up to thicknesses of approximately Y-inch.

The culverts were originally designed for watershed drainage and stock crossing and are located
in moderately deep coulees. The steel culverts were installed with 25 to 35+ feet of embankment
cover and are assumed to be 8 gage (0.168") galvanized steel. Some nominal amount of
sedimentation (less than 2 feet) has collected in the pipes. Sedimentation and the deformed
condition of the pipe causes sustained water retention even when the upslope drainage is not
flowing through the sections. The embankment appears to have been built from weathered clay
shale presumably borrowed from the immediate vicinity. Asphalt invert aprons were placed on
the slopes near the inverts. Due to the advanced signs of distress, the culverts were scheduled
for grouted insert repair in the fall of 2000.

Sampling

Numerous samples were taken from the culvert embankment and sedimentation collected in the
culvert bottom to provide soil information for the study. Additional soil samples were obtained
from the native, undisturbed slopes and drainages (upslope of the culvert) to provide quasi-
baseline data from the drainage that may represent soil conditions prior to the installation of the
culverts. A 4-inch hand auger was used to collect soil samples from selected locations within the
embankment and native soil profiles.

A series of samples were taken laterally through a buckle in the east pipe and obtained vertically
through the embankment slope above the invert aprons to the top of the culvert section to
provide profile information surrounding each pipe. Water samples were taken from the stagnant
pool inside the culvert sections.
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Testing

All soil samples were tested for resistivity (as-received, AASHTO T288, and MDT 1:2), pH,
sulfate, and chloride. AASHTO minimum resistivity values ranged from 63 to 1500 ohm-cm and
pH values were slightly basic and in the range of 7.4 to 8.8. An Inductively Coupled Plasma
(ICP) Spectrophotometry scan of the salt materials collected from the culvert was also conducted
by MSU to determine a non-quantitative composition of the material.

Results

Figure 12 shows a schematic diagram of the sampling positions and select test results for each of
the tested culvert sites. Data shown on Figure 12 consists of as-received resistivity, AASHTO
T288 minimum resistivity, and in situ moisture content testing as shown on the legend.

Samples taken from the streambed on the upslope side of the culvert and from the bank of the
drainage show as-received resistivity values in the range of 100 to 1500 ohm'cm. A sample of
the salts collected on the natural slope had a minimum resistivity of 32 ohm-cm. Based on the
AASHTO T288 minimum resistivity test results of natural features and current MDT culvert
selection criteria, an estimated pipe life of 19 to 59 years could be expected for a galvanized steel
pipe. To obtain the MDT standard 75 year life, MDT pipe selection criteria recommends
bituminous or polymeric coated steel pipe for the samples tested with a resistivity of 1500
ohm-cm and does not allow for the use of steel pipe for the sample tested at 100 ohm-cm. The
in-place culvert; however, is galvanized steel and is approximately 46 years old, slightly more
than half of the expected design life. Based on the conditions of the culverts, it is apparent that
the culverts are at the end of their useful service life.

Samples taken from the embankment material show a distinct pattern of decreasing resistivity
and increasing moisture content with depth in the embankment. For example, on the south invert
of the west culvert, the as-received resistivity and minimum resistivity decreased incrementally
from 7000 to 1050 and 425 to 165 ohm-cm, respectively, from the surface to the top of the
culvert, on the side of the embankment. Similarly, a pattern of decreasing resistivity and
increasing moisture content occurs laterally in the embankment toward the culvert section. A
moisture content, as-received resistivity, and minimum resistivity contour map constructed on a
cross section of the embankment perpendicular to the pipe would show a zone of high moisture
content and low resistivity near the pipe with a gradual decrease in moisture content and increase
in resistivity radiating outward from the pipe. Ironically, the most corrosive environment occurs
around the culvert pipe.
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Case Study--Pipes East of Winnett
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Assuming that the material used in the embankment was relatively homogeneous and consisted
predominantly of soil with a minimum resistivity of approximately 1500 ohm-cm, a change in
the physical corrosivity of the soil has taken place over time. Our research has shown that
disturbing the natural soil structure by excavation and recompaction can change the minimum
resistivity; therefore, it is likely that the action of breaking up the shale used in the embankment
exposed more surface area from which minerals may be extracted from the soil and that a more
porous medium was created by the embankment construction process. We further suspect that
surface moisture and water from the drainage entered the embankment on the sides and
transported dissolved salt materials to the pipe which acts as an impermeable zone and impedes
the flow of moisture. This moisture, rich in salt minerals and supporting a high cation exchange
capacity collects near the culvert surface. By this action, the soil environment directly in contact
with the culvert became more corrosive than the original, undisturbed soil testing might have
indicated. Minimum soil resistivity values of 350 to 50 ohm-cm and moisture contents of 11 to
26 percent were obtained at the soil/culvert interface. These data, analyzed by the AISI
equations for pipe life indicate average service lives of approximately 15 to 29 years.

Once the steel becomes perforated, small quantities of seepage have access to the interior of the
culvert where the water is evaporated and salts collect on the surface. The drier interior
conditions of the culvert cause a substantial buildup of salt concentrations in the soil behind the
culvert and on the interior of the culvert around the perforations. These salts can be re-dissolved
_in times of higher moisture availability and cause a localized region with extremely corrosive
soil conditions. Salts collected from the interior of the pipes and from the natural drainage up
slope of the culvert had a minimum resistivity of approximately 30 ohm-cm which relates to an
average service live of approximately 12 years. A non-quantitative ICP scan of 36 common
elements was run on the salt material collected from the interior of the culvert. The initial
extraction was conducted from a 1:1 dilution of soil and 5 percent nitric acid. After extraction,
substantial precipitates began to form from elements which could not be held in the acid
solution; therefore, the sample was further diluted 1:3 in nitric acid to suppress further
precipitation. This scan found high concentrations of iron, potassium, magnesium, sodium,
sulfur, and zinc; and, lower concentrations of calcium, magnesium, and molybdenum. This scan
indicates that the salts were probably sodium chloride or potassium chloride. The presence of
high concentrations of zinc, magnesium, and iron indicate that substantial metal ions have been
transported with the evaporitic salts.

It is possible that a polymeric coated pipe, installed with no damage to the coating could have
increased the service life of these culverts. At this point, there is data to suggest that some
benefit would have been obtained by installing coated pipes. However, quantifying added life is
difficult since various construction and other environmental factors influence coating success.
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Conclusions and Recommendations

The following summary of conclusions and recommendations have been based on analysis of
this research project and our related experience. Long-term monitoring of corrosion rates and
soil conditions and case studies of coated pipe installations could not be accomplished within the
framework of this research; therefore, recommendations relating to analysis and selection of pipe
materials has been limited to generalized guidelines based on observations of installations used
for this study. The Transportation Research Board and the NCHRP are currently conducting a
study of corrosivity and may introduce new information useful in refining the culvert selection
procedure.

Culvert Site Investigation and Soil Sampling

Obtaining appropriate samples is a fundamental and crucial phase in corrosion assessment for a
proposed culvert site. For some projects, non-homogeneity of the soil conditions may cause
significant variations in each of the corrosivity indicators; therefore, frequent and representative
sampling must be conducted to generate sufficient and accurate test data.

Care must be taken to target areas and, more specifically, soils within areas which will have the
largest effect on the culvert performance. Highly organic topsoil material may provide
erroneously low resistivity values for a culvert site which will be stripped of all organic material
and the culvert placed in a higher resistive environment. The reverse may also be true of a high
resistivity soil whose structure or environment may be altered by construction such that
corrosivity is increased. Therefore, culvert elevations, soil conditions, environmental conditions,
and historical data must all be taken into account before sampling is conducted.

Sampling of imported backfill soil alone is not sufficient to provide an adequate representation
of soil conditions surrounding the culvert. Changes in moisture conditions, chemical transfer,
and bacterial growth are likely to occur within the backfill zone and what once was a non-
corrosive, backfill soil may become a corrosive environment. The natural ground from the area
in which the culvert is to be placed must also be included in a corrosivity analysis.

Sampling procedures may vary depending upon site conditions; however, at a minimum it is
recommended that the following general steps be included as the basis for a sampling procedure:

. Historical Review
Areas having historically documented poor culvert performance may be identified by Soil
Survey Reports generated by the District Office. If these reports are not available, visual
inspection of culverts in the proposed site area should be performed. Culvert sections
with abrasion or other physical deterioration should not necessarily be considered poor
from a corrosivity standpoint.
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. Site Reconnaissance

Site conditions should be recorded for each new job prior to field investigation. Visual
indicators may be present that would suggest the possible corrosivity of the area. Sites
with marshy conditions or high concentrations of organic material may indicate corrosive
conditions. ~ Other corrosive environmental indicators may include the presence of
moderately to highly plastic, near-surface clay soils, saline seepage, or on-site corroded
metals (signs, bridge decks, wire retaining walls, etc.). If such areas exist, these areas
should be targeted for sampling to provide corrosivity data.

. Field Investigation
Specific areas should be targeted for sampling in the Site Reconnaissance Phase of the
project. This information and preliminary culvert elevations should be used to select
depths of soil sampling. It would be advantageous to obtain samples from the drainage
and sideslopes, upstream of the expected culvert location.  Potential borrow sources
should also be sampled. The AASHTO T288 test method suggests collecting water
samples from the site or local drainage for testing.

Testing Method

Our data shows that the AASHTO T288 minimum resistivity test provides better performance
correlation with the current MDT corrosion criteria and observed culvert conditions than the 1:2
dilution, electrical conductivity test currently used by the MDT. An NCHRP/TRB research
project is currently in progress to review existing test methods and develop new testing
procedures if warranted. Based on the results of this study, the standard for soil resistivity may
change, but until such time, it is our recommendation that the MDT begin to use the AASHTO
T288 test method as the standard means of determining soil resistivity for corrosivity analysis.

The AASHTO T288 test method includes sample handling recommendations, processing
information, and test procedure instructions. This test should be performed with room-
temperature, distilled water, unless water samples are available from the site. Our limited research
suggests that if the resistivity of an on-site water sample is less than the minimum resistivity of the
soil to be tested, a minimum resistivity will not be reached until a large quantity of on-site water
has been added. If this condition exists, the minimum soil resistivity as determined by AASHTO
T288 will approach the resistivity of the water sample. If the on-site water sample has a higher
resistivity than the soil, the minimum soil resistivity will be similar to the minimum resistivity using
distilled water.

In some cases, it may be deemed prudent to supplement the test procedure for more in-depth
analysis of critical structures. For example, with the culverts east of Winnett used in our case
study, the density of the shale material to be used for the embankment backfill was likely known
prior to construction. A check on the AASHTO minimum resistivity test may be performed by
compacting the proposed backfill material into the soil box at the same dry density as would be
obtained in the field. Subsequent to compacting the sample into the soil box at the prescribed dry
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density, the box could be submerged in a water bath of water collected from the site to fully
saturate the sample, and the saturated sample could be connected to a soil meter to provide a
single point resistivity. This should be the worst case scenario for resistivity conditions of the
backfill under saturated conditions immediately after construction. As seen from analysis of this
case study, it would not necessarily be prudent to use this one-point value as the controlling
resistivity for design as the soil conditions change over the life of the structure. Two additional,
site-specific tests would be beneficial to more thoroughly define site conditions. The first of these
would involve testing of the surface material from a nearby slope that was observed to have saline
seep conditions. The salts that are present in the slope are liable to be present in the embankment
and will potentially migrate to the pipe; therefore, this resistivity value (obtained from an
AASHTO T288 test) should be considered a long-term minimum value with a high probability of
occurrence. The second test would be for the native soil upon which the culvert will be founded.
This material could be sampled in much the same way as an undisturbed sample is collected for
other geotechnical testing, by pushing a thin-walled steel tube into the soil and retrieving the
contents. This sample could be trimmed to fit the soil box area and pressed into the soil box. The
sample should then be saturated to model the worst case condition for the native material and a
single point resistivity value taken from the material.

These additional resistivity tests should be viewed in conjunction with the AASHTO T288 test
data to provide confidence in culvert material selection and should not be used without the
AASHTO T288 data unless future research suggests a method with higher correlation to pipe life.
We feel that the alternate tests could be used in conjunction with AASHTO T288 to provide a
more representative, long-term model of soil conditions. From the case study data, the initial
conditions in the culvert environment may be reasonably modeled by the single point resistivity of
the undisturbed base material along with the AASHTO T288 minimum resistivity and single point
resistivity determined for the saturated backfill at a known density. These conditions are likely to
change over time and in this case, the controlling resistivity may approach the AASHTO T288
resistivity determined from the saline seep identified upslope in the drainageway.

MDT should also integrate the specifications for sampling, testing and analysis methods into the
consultant design project requirements. Due to the multiple variations in test methods and the
potentially large variation in results, the specifications should, at a minimum, define the testing
procedures to be used for resistivity, pH, sulfate, and chloride.

Analysis and Selection of Materials

As with other geotechnical testing (moisture density, R-value, shear strength, etc.), the minimum
resistivity, pH, sulfate, and chloride testing only provides an indication of corrosion potential on
the sample tested in the laboratory and may not represent all actual field conditions or identify the
most critical area. The results of these tests are dependent upon the quality and extent of
sampling for the project. For some projects, non-homogeneity of the soil conditions may cause
significant variations in each of these parameters; therefore, frequent sampling and sufficient test
data must be generated to provide confidence in the data used for analysis.

32



Statewide Corrosivity Study on Corrugated Steel Culvert Pipe

Our research was limited to observations of primarily galvanized culvert conditions and sampling
at a single season in the life of the culvert. Since corrosion is a progressive process, it would
require long-term monitoring of numerous test sites involving culverts with varying coatings and
soil conditions to completely assess the current MDT procedure for estimating pipe life.
Correlations between the AASHTO T288 minimum resistivity, pH, and current MDT culvert
selection criteria for estimating pipe life and recommending appropriate culvert coating appear to
be reasonably consistent with the culvert performance conditions categorized by this study.
However, additional research as described in the subsequent section should be conducted if a
refined selection procedure is to be adopted.

Discussion of Future Research

It is strongly recommended that a database of corrosion indicators be constructed from all data
collected in the future. A tabulated collection of soil resistivity, pH, chloride concentration,
sulfate concentration, sampling depth, soil type, location, and other pertinent data should be
stored for future reference. It is also recommended that these data be superimposed on to a
statewide USGS soil survey map. With years of data collection, resistivity (and other corrosion
indicators) contours could be constructed on these maps to outline general zones of corrosion
potential. Each of these zones could be classified by a certain corrosion potential (high,
moderate, low, or finer corrosive potential divisions) which could have standard culvert pipe
treatments. This generalized area map would not preclude site testing, but could offer pre-
investigation information from which to base a preliminary design. The map could also reduce
testing frequency. For example, if a culvert is needed in an area of high corrosive potential, and
preliminary centerline soil survey data shows high corrosive potential, additional testing during the
geotechnical field investigation would not be necessary unless further quantification was desired.
Likewise, areas of moderate concern could be sampled more heavily to optimize pipe selection
economics with corrosion risk. These corrosivity maps would likely be general at first and limited
to a statewide scale with conservative treatments, however, as the database grows, the contours
could be tightened and eventually transferred to county maps and may be correlated with soil
series mapping for more accurate preliminary planning.

In areas where soil conditions are questionable, or if analysis shows galvanized steel acceptable in
an area where historical information suggests otherwise, instrumentation could be installed to
monitor the corrosion rate and allow time to implement alternative measures such as cathodic
protection before a culvert failure. This type of “early warning” system could allow for less
expensive, galvanized steel culverts to be used with some additional confidence that high
expenditures of premature replacement could be avoided. This monitoring/early warning system
would likely consist of zinc, carbon steel, and galvanized steel coupons installed adjacent to the
culvert at varying locations. These coupons would be “hard wired” to an enclosed panel or
accessible housing, one would allow for periodic, real-time corrosion rate determination and
provide a non-destructive means to monitor the culvert condition. If an analysis of the projected
culvert life based on the measured corrosion rates indicates a high potential for premature failure,
sacrificial anodes could be installed and connected to the culvert to potentially increase the service
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life at a fraction of the cost of replacement of a failed culvert. Data collected from these
monitoring sites could also be used to “fine tune” culvert corrosion analysis and provide
correlations between soil conditions, pipe materials, and pipe life. Initially, a corrosion engineer
or specialist would be required to establish the monitoring installation procedure and provide
technical assistance; however, this type of monitoring program could potentially become routine
with reduced expense and time expenditure.
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February 10, 2000

Attention: District Materials Supervisors

Subject: Statewide Corrosivity Study

NTL Engineering & Geoscience of Great Falls, Montana, in conjunction with the Montana
Department of Transportation is conducting a statewide research program to study soil resistivity
and the corrosive affects of soils on steel culverts and other buried metals. During the sampling
phase of this research, the services of each Montana Department of Transportation District
Offices will be sought to collect samples from select locations for testing. The District offices

include:
. Great Falls
. Billings
o Glendive
o Butte
. Missoula

This letter details selection criteria for appropriate test sites, required materials, sampling
procedures, and sample handling instructions. It is imperative that each of the district
representatives in charge of the sampling contact the NTL Engineering Project Engineer prior to
sampling to discuss prospective locations and clarify instructions presented herein.

Test Site Selection

The intent of this project is to collect samples encompassing a wide range of soil
conditions through a statewide sampling program; therefore, it is desirable to consider each
district in its entirety for suitable sample locations. In general, target areas should include a range
of conditions outlined by the following criteria:

e Areas of “poor” steel culvert performance

Areas having historically documented poor steel culvert performance may be identified by Soil
Survey Reports in which steel culverts and drainages have been inspected and documented. If
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these reports are not available, visual inspection of suspect areas should be performed. Steel
culvert sections with abrasion or other physical deterioration should not be considered as poor
from a corrosivity standpoint. If areas have been previously identified as needing replacement
or insert repair, metallic coupon samples may be requested along with soil samples. The
following criteria should be used as a general guideline to assess steel culvert condition:

Non-Corroded culverts should be defined as having no evidence of surface rust or pitting
on the entire culvert area. The culvert coating (galvanization, aluminization etc.) should
be intact on the circumferential area. Non-corroded culverts should be given the
designation “good” on the field Sampling Log form (attached).

Moderately Corroded culverts have some surface rust, pitting, and holes penetrating
through the culvert. Corrosion induced perforations for this category should be less than
1-inch in diameter. Moderately corroded culverts should be assigned a designation of
“fair”.

Severely Corroded culverts have “large scale” perforations or a high density of small
holes. A large portion of the culvert area exhibits corrosion deterioration. The
designation “poor” should be assigned to severely corroded culverts.

Some steel culverts may exhibit a combination of the aforementioned designations. These
locations should be described in detail in relation to recovered soil samples. A combination of
the designations may be used (ie. fair to poor); however, detailed descriptions of the culvert
will be necessary. Since this rating is designed to target corrosion, the affects of abrasion are
not to be used as indicators of culvert condition. Abrasion can cause pitting, scouring, and
rusting of the culvert base; these conditions are not to be considered in the above rating for
culvert performance.

o Areas of “fair to good” steel culvert performance
These locations may also be identified by Soil Survey Reports or by visual inspections
conducted specifically for this project. These areas should be selected from areas that have
long-term historical data offering information of the low corrosive environment. The
previously described definitions of “fair” and “good” should be used as a general guideline for
selection and description.

« Historically identified “hot” areas
Some districts may have certain areas identified as potentially highly corrosive environments,
although no steel culvert sections may be present. Such areas would likely be characterized
by the presence of moderately to highly plastic, near-surface clay soils. Indicators such as
saline seepage or corroded metals (signs, bridge decks, wire retaining walls, etc.) should be
considered. If such areas exist, these areas should be targeted for sampling to provide high
corrosivity potential data.
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Culvert locations meeting the first two culvert performance criteria (“poor” and “fair to good™)
should be given high priority in test site selection; however, it is desired that all of these specific
areas be sampled from each district. Special district conditions may include other possible
sampling areas or conditions. If any special areas are identified within a district, the District
Supervisor should contact our Project Engineer prior to sampling.

Required Materials

Upon selection of appropriate test sites by district personnel and after discussion of test
site selections with our engineer, detailed soil surveys of the locations should be conducted. All
such soil surveys should be performed by the District Materials Supervisor. A Sampling Log
sheet is attached for use in recording pertinent data and maintaining consistency in field
observations. A Sample Log sheet should be completed for each test location; spaces are
provided for multiple samples at each location. The NTL Engineering Project Engineer will be
available for discussion and coordinating the scoping and development of each site and to provide
sampling recommendations. The soil survey includes planning for an appropriate combination of
borings and/or excavations; examination of cutslopes, drainages, topography, and surface water
conditions; photographs of the culverts, test locations, excavations, surrounding area; along with
obtaining the recoverable materials. The survey must be sufficiently detailed to locate the test site
on USGS quadrangle maps or MDT project maps, identify the sample location, and describe all
pertinent conditions relative to the test site. The completed soil survey should then be submitted
to our engineer in a the form of a written report and sample log sheets (attached) containing all
visual observations related to the survey; all information should be clear, concise, and include all
pertinent data as outlined below:

e General
This section should include a written description of the test location including plan views,
maps, and photographs as needed for location and clarity. A unique descriptive identification
number should be assigned to all samples and materials. Detailed descriptions including
historical data from steel culverts at the site should be included if available. Descriptions of
sample collection including depth and relative locations are required for each sample.

e Geology and Physiography
Pertinent topographic features including drainages, ‘cutslopes, vegetation, saline deposits, and
surficial geology should be included, along with any known construction history.

e Soils
Where applicable, a summary of soil profile, sampling location, and sample limits should
accompany all samples recovered for testing. Boring/excavation logs (entered on the attached
Sample Log) should indicate visual classification of soils by the Unified Classification System
with visual observations of in sifu moisture and density conditions.
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e Drainage and Water Conditions
At steel culvert locations, the report should include drainage and water conditions at the time
of sampling and during operation. Approximate high water levels should be identified based
on observed culvert conditions.

e Materials
Soil, water, and steel culvert coupon materials should be properly labeled and listed in the
report. These listings should include a brief visual description of the sample location.

e Special Features
Any special features such as corroded signposts, bridge decking, saline seepage or other
anomalies observed on the site should be noted.

Sampling

A minimum of 16 soil samples should be submitted from each district office. Water
samples and steel culvert coupons may also be required based on availability. The sample sites
should be geographically separated to the extent possible within the district area and should be
selected in accordance with the materials criteria. At each testing location, a visual description of
the site and photographs should be recorded as outlined in the Required Materials section.

Soil samples should be representative of the stratum in question and natural moisture
content at the time of sampling should be preserved by prompt collection and sealing of sample
bags. Sample location and prudent sampling techniques will be critical in obtaining suitable
samples. The following sections detail sample requirements and specific procedures for materials
sampling and handling.

Sample Requirements/Handling

Soil samples taken at any location shall meet the following criteria:

Predominant Material Type Minimum Weight of Sample Required

grams Spounds)

Clay 4500 (9.9)
Sand 6500 (14.3)
Gravel 9000 (19.8)

All pertinent locations and sampling information for each site should be recorded on the
attached Sample Logs. The field crew manager shall be responsible for ensuring that sufficient
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detail is recorded on the field logs. The field logs shall contain sufficient information such that all
field activity can be reconstructed by an outside party. At a minimum, all entries shall include:

. project name.

. date and time of start and finish of sample collection.

. weather conditions during sampling.

. description of the site including geology, physiography, topography, and special features
or conditions of the area.

. location of sample site (milepost, station etc.) including photographs and map references

. stratigraphic details of all excavations/borings

. sampling equipment/method used for sample collection

. details of sampling work, particularly any deviations from the outlined procedures

. field observations

. types and number of samples including sample identification numbers and photographical
references

. field and laboratory measurements as applicable (temperature, field density, moisture
content)

All samples are to be promptly shipped to NTL Engineering and Geoscience at the given
address. Samples are to be properly labeled and referenced to field logs. Water samples shall be
placed in standard canning jars or approved plastic or glass bottles; soil samples are to be sealed in
ziplock bags. Field logs should accompany samples and should also be placed in waterproof bags.
Samples should be shipped in rigid, insulated boxes or coolers. Cardboard boxes with samples
packed in Styrofoam or plastic bubble wrap are acceptable. All coolers will be returned to the
origin address if so requested.

Example Sampling Procedures

The following procedures outline the general steps required for sample collection and
documentation. Any deviation from these procedures should be recorded and reported to our
Project Engineer.

Case 1 (Moderately to Severely Corroded Steel Culvert)

1. Photograph general location including views of the drainage paths near the invert for the
upstream and downstream sides.

2. Record visual descriptions of general site geology, physiography, topography, culvert
condition, culvert history, and special features or conditions of the area.

3. Collect a sample of the backfill through a corroded perforation in the pipe-or-by drilling
through the roadway and subgrade to the elevation of the corroded pipe section. If
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10.

11.

Case 2

1.

drilling is required, the sample elevation and location should be within 1.0 feet of the
corroded portion of the culvert.

If the bottom of the culvert shows signs of corrosion (not abrasion) and soil materials have
collected in the bottom of the culvert, collect a sample of material from within the culvert.

With excavation or drilling equipment, collect a sample of the native soil adjacent to the
roadway in the upslope portion of the drainage. This sample should not include topsoil or
other surficial materials and should be within 1.0+ feet of the culvert elevation and within
a lateral distance of approximately 10.0+ feet of the culvert inlet.

Prepare a log of boring or excavation for each sample collection (sample attached).

If water is present in the culvert, collect a water sample to be submitted to our office with
the soil samples.

Assign each sample a unique sample description number. Each sample number should be
documented on a boring/excavation log or on a field report explaining where the sample
was taken along with a visual classification of the soil. The sample numbers must be
cross-referenced to a roadway stationing or mile post and offset. Begin each sample with
a hyphenated, numeric prefix corresponding to the district zone number (ex. D1-S1-SS1
==> District 1, Site 1, Soil Sample 1).

Each soil sample should sealed in 1-gallon Ziplock bag(s) immediately after exhumation
and placed in an insulated box or cooler for storage and transport.

Photograph test pits, borings, or openings in the culvert subsequent to sampling. These
photographs should show the exact location of the sample.

Backfill any excavations or borings and patch any asphalt or concrete disturbed for sample
collection.
(Non-Corroded Steel Culvert)

Photograph general location including views of the drainage paths near the invert for the
upstream and downstream sides.

Record visual descriptions of general site geology, physiography, topography, culvert
condition, culvert history, and special features or conditions of the area.

Collect a sample of the backfill near the edge of the roadway or from a boring extended to
the elevation of the culvert within 1.0 feet (laterally) of the culvert location.
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4. With excavation or drilling equipment, collect a sample of the native soil adjacent to the
roadway in the upstream portion of the drainage. This sample should not include topsoil
or other surficial materials and should be within 1.0+ feet of the culvert elevation and
within approximately 10.0+ feet of the culvert inlet.

5. Prepare a log of boring or excavation for each sample collection (sample attached).

6. If water is present in the culvert, collect a water sample to be submitted to our office with
the soil samples.

7. Assign each sample a unique sample description number. Each sample number should be
documented on a boring/excavation log or on a field report explaining where the sample
was taken along with a visual classification of the soil. The sample numbers must be
cross-referenced to a roadway stationing or mile post and offset. Begin each sample with a
hyphenated, numeric prefix corresponding to the district zone number (ex. D1-S1-SS1
==> District 1, Site 1, Soil Sample 1).

8. Each soil sample should sealed in 1-gallon Ziplock bag(s) immediately after exhumation
and placed in an insulated box or cooler for storage and transport.

9. Photograph test pits, borings, or openings in the culvert subsequent to sampling. These
photographs should show the exact location of the sample.

10.  Backfill any excavations or borings and patch any asphalt or concrete disturbed for sample
collection.

Case 3 (Historically “Hot” Areas)

1. Select location for testing based on observed corrosion indicators such as fine-grained,
high-plasticity soils; localized saline seepage, or swampy, high organic content drainages.

2. Photograph general location including views of the surrounding area including drainage
areas.
3. Record visual descriptions of general site geology, physiography, topography, and special

features or conditions of the area.

4. With excavation or drilling equipment, collect a sample of the native soil below the topsoil
zone. This sample should not include topsoil or other surficial materials and should be
within 3.0+ feet of the prevailing ground surface.
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5. If standing water is present or if groundwater enters the boring/excavation, collect a water
sample to be submitted to our office with the soil samples.

6. Prepare a log of boring or excavation for each sample collection.

7. Assign each sample a unique sample description number. Each sample number should be
documented on a boring/excavation log or on a field report explaining where the sample
was taken along with a visual classification of the soil. The sample numbers must be
cross-referenced to a roadway stationing or mile post and offset. Begin each sample with a
hyphenated, numeric prefix corresponding to the district zone number (ex. D1-S1-SS1
==> District 1, Site 1, Soil Sample 1).

8. Each soil sample should sealed in 1-gallon Ziplock bag(s) immediately after exhumation
and placed in an insulated box or cooler for storage and transport.

9. Photograph test pits or borings subsequent to sampling. These photographs should show
the exact location of the sample.

10.  Backfill any excavations or borings created for sample collection.

We appreciate your cooperation and involvement with this project. Please contact our
office if you have any questions or concerns regarding this report.
Sincerely,

NTL Engineering & Geoscience, Inc.

Jon J. Hepfner, E.LT.
Project Geotechnical Engineer
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Outline for Phase II of the Montana State Resistivity Testing Project

Samples are to be collected by Montana Department of Transportation District offices for a
statewide resistivity research program. The District offices include:

Great Falls

Billings

Glendive

Butte

Missoula

I. Sampling

A

Target areas include

[ )

areas of poor culvert performance

areas of fair to good culvert performance

historically identified “hot” areas

areas of proposed new construction/borrow

case study (to be performed by NTL Engineering & Geoscience)

Desired sampling materials

backfill and native soil samples around culverts exhibiting signs of poor performance
backfill and native soil samples around culverts exhibiting fair to good performance
soil samples from prospective borrow areas

native soil samples in areas of proposed new construction

photographs/location maps for each sample location

visual classification of the soil samples

visual description of surrounding conditions (vegetation, ground/surface water, etc)
brief soil log of the test pit (where applicable)

water samples (where applicable)

Sampling requirements

adequate sample size
sealed, contained storage
proper documentation
prompt delivery

II. Testing

A. NTL Engineering & Geoscience

minimum soil resistivity (AASHTO T288/Caltrans/ASTM G57)
particle size distribution

Atterberg Limits

in situ moisture content/material classification

B. Montana Department of Transportation

(]

saturated paste pH and conductivity
1:1 dilution pH and conductivity
1:2 dilution pH and conductivity
sulfate/chloride

C. Soil Testing Laboratory MSU-Bozeman

quality control testing for NTL Engineering & Geoscience and the Montana

Department of Transportation 4



NTL Engineering Statewide Corrosivity Study--Sample Log
& Geoscience NTL Engineering Project Number 00-301

1505 14th St. SW, Great Falls, MT 49403-3269

MDT Materials District: County: Sampling Date: ¢t
Materials Supervisor: Highway/Milepost: Sampling Date:  (nish)
Station/Offset: Sample Location:

Project Team Members:

Site Description: Site Sketch

Sample Locations:

Location, Description, and Reference Number

:l Photographs

Weather Conditions: :I Maps

Geology, Physiology, Topography, and Special Features/Conditions:

Culvert Inspection Report

Roadway Station: Length: General Condition:

Culvert Type: Diameter: Photograph Number(s):

Approximate Age: Coating: Location of Soil Samples:
Remarks/Comments:

D Backhoe Include Details of

D Drill Sampling Equipment

D Hand Auger and Procedures/Methods

I_—_| Shovel of Sample Collection

[:I Other (particularly any deviation
from outlined procedures)
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MDT Materials District: County:
Materials Supervisor: Location:

Sample Photograph

Sample Id. # Code* Size Reference For soil samples, enter Gravel Sand . Silt/Clay
[I Soil Sample / the estimated percent of
D Soil Sample / material for each grain
D Soil Sample / size. Collect a minimum
|:| Soil Sample / sample size corresponding
D Water Sample to the primary constituent
|:| Coupon Sample (ie. gravel--9000g)
Minimum Sample Size 9000g (19.81b) = 6500g (14.3 1b) . 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments:

Field Engineer: Boring/Excavation Location:

; Sample Depth Sample
Depth ASTM Visual Classification and Description from to Number Remarks

Information Checklist Attachments

D Sampling site location and description (geology, topography, etc.) I:l Photographs of site

|:| Sampling equipment information/sampling methods D Maps of project site

D Sampling methods |:| Adequate size soil samples

D Sampling material information I_—_| Photographs of soil sample sites
E] Boring log information D Other samples (water, coupons, etc)
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NTL Engineering o Statewnde Corrosivity Study--Sample Log
& Geoscience : NTL Engineering Pro_|ect Number 00-301

1505 14th St. SW, Grent Falls, MT 49403-3269

MDT Materials District: /V/ 5505( / County: /1/ 8304 f;/c’ : Sampling Date:  (sun)
Materials Supervisor: ML, Tookd Highway/Milepost: 93/p-7/ Sampling Date: (s 3/ /0/5(/)/”
' Station/Offset: )¢+ 90, £0 A/‘ ‘- Sample Location: L1 4 e BTLAD

Project Team MemberS'(Bm..,; \X £isal Lm T\ Sia S - \O

General :'..»;'.I» T e \ L ;] BT
Site Description: C’or/mé 2 & / z/qs/aﬂ’ /’75’//\ Site Sketch
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478 _;};;r'/ey' =2 'ﬁ" .&44,”‘?‘“1:'./ ’Kl’/“fﬂrﬁ’ i

) Location, Description, and Referencé Number
A (] Photographs D/-SI P«Z’n[a s [ Lhru 1A =nirrs Iyve

A PYEVE G E,

Weather Conditions: ©, L\ (', . sjp <=1 :]Maps

Geology, Physiology, Topography, and Specml Features/Condmons' e cbyrat yau"’/ 5805 v Swreds opays ) i some
< ’ . 5o e
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\5&“‘/' "'””‘7(@/"" 21 #*f' f‘f’éff'rﬂ’c“'/ 42_’!(" f::'-:.s.s, /é.’ #«"4\44‘@.9»

Culvert Inspection Report

Roadway Station: Yt — Length: f O d 7"/" . General Condition: ﬁ’r‘

Culvert Type: <= L0 00 Diameter: g/ff, / i L - "~ Photograph Number(s):

Approximate Age: 20 z 7/’.5 Coating: ,/%, A ey . " Location of Soil Samples:.z{;,erf' oyl
Remarks/Comments: S o ns) S -9 y ‘ o/aa,,,,a/,/fﬂ) o ar—/,\yf/m /gﬂ&:
@& Lon ! = ‘//n ok 5@&4 mgb/i.e ﬂM/MfVJLM/ﬂF{:I)IﬂCL S s 5 Y. & J f‘%*uf eree
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Sampling Equipment -

D Backhoe Include Details of
: DDrill Sampling Equipment
D Hand Auger and Procedures/Methods
Shovel of Sumple Collection
T o (et e deviogic e -
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Statewnde Corrosnvnty Study--Sample Log Car la_r T
MDT Materials District: - /Zb <o { e County: é// e :\7
Materials Supervisor: Sosinmed L, Toe'd Location: 4
— — - /V// STAE 7«Jz£’>7,€’/‘ \% 25550, 2
Materials : : IR e LT
Sample  Photograph :
Sample Id. # Code* Size Reference For soil samples, enter Gravel | Sand . SiluClay
@ Soil Sample D/~ S/~ 532 1 /X Y8a material for each grain ~ .55% ¢ A B
[ soit Sample /: size. Collect a minimum :
D Soil Sample / sample size corresponding
D Water Sample , to the primary constituent }
Coupon Sample (ie. gravel-9000g) ,
D Minimum Sample Size (\1/;0’0;;(@ 6500g (14.3 Ib) 4500g ( 9.91b)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert T
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert

Comments: /O/Zo;éj i ’Q"fﬂjéfﬂ)«v » f\ 5%%/(7& Vg ‘SQdf J s, ;’3‘( / A/‘jf,.-,{/ BESE é*‘ 24T ;‘,/«r
/{//?r//clf*)" /{0»61-( S'ﬂ/ﬂp /é’ // /,7/ kndy/;'f{M) /- ;g/,é/ .S':am ,,/; )‘,;, mern lf,e_/Jh,./ﬂ./‘.}{?m,(,
J/v—s»/« pizis e 881 = /90% Gs2- /5"3/ i

‘Boring/Excavation Log

Field Engineer: ' _ Boring/Excavation Location:

: Sample Depth Sample ,

Depth ASTM Visual Classification and Description ’ from to Number Remarks
nformation Checklist L . Attachments -
]Sampling site location and description (geology. topography, etc.) [Z]Photographs of site
aSamplmg equipment information/sampling methods DMaps of project site
]Samplmg methods E’Adgqmte size soil samples
]Snmplmg material information . A mlelonmplm of soil snmple sites

Coring login® wn r[;Q Al aler



NTL Engineering | Statewide Corrosivity Study--Sample Log
& Geoscience . NTL Engineering Project Number 00-301

1505 14th St. SW, Great Falls, MT 49403-3269

MDT Materials District: £/,5§Q; =,4£ : County: % ¥ e A ) Sampling Date: (s j/{, ,4227
Materials Supervisor: ALl VL4 Highway/Milepost: 222 /7 7 A Sampling Date:.  @nishy 3 / 1l joo

Station/Offset: 1302, 30/*/- 4G~ Sample Location: ' upsteean, of ulet.
7 I

Project Team Members: (DQN H{z) Wwa g,
e

General -

P I U LN

Site Description: L oipey Red Org s et , Crons Site Sketch
deni undee Be w247 000 -Cag " c30 ok RES,
h\)@@i"“\" drgred Ve 18V awd P ppench to be
ot . O% Sodl pnpes Ahece 18 substantinl
ear é(’ Yy %‘(.ﬁi‘;wl\m mm%m‘t'w\ -g»»& )
M}\ Aocnvll',m\) [S east eéj P S sornte ov Plopoy

i ¥ /-f.e, / m//\’.‘. Area And mnd'af ) et
Pl AR R \Lr-:.g.g.%/"%nd tag 196 ~87. ) vﬂ‘:ﬁ'k‘ Qeﬁ@f&m
. st
- el '
Sample Locations: Di- $2-351 uga\,_-g_@ﬂ Lrom e Di- 4558}

. L i ¢
dryaink s o gt f Hy L'
LY B J

Location, Description, and querencé Number
E(]Photographs Taled 244 Q\WK-C\N& 3! ooty Small Weler Fhos
Q“}!\g-!’ a'f e u";,(d’w, @J“‘}r idwm %..Lg.\; Hood

N ‘l ;‘J
drmu. /ﬂv PR LS A ads 50 apeer &

DI-SL Plotos 1 1hws

© Weather Conditions: (), ), 4hies 35°€ | IMaps
i \ [

Geology, Physiology, Topography, and Special Features/Conditions: &/é“ Lo inigts 5 J{!n’f?./ﬂ, ~Z:)/4¢’ odwsinets Lo
A e o rngL S ‘e&m:r//s{»&wmaswmif' “l M?{/Af/ﬂ’;‘m CZ»/Sf—";“'M“m/ g0/ el J«ng/ , Llles Leprs $roe od gg/,,,,m/

W il
L5 Lo ey - RT N (" =B cod)

Culvert Inspection Report =~ . =

Roadway Station: 242 (RF A4~/ 4)8)  Length: e’ T General Condition: o
Culvert Type: <. 54 Diameter: 3¢ Photograph Number(s):
Approximate Age: S/ 0y s Coating: " - Cho ! Location of Soil Samples: £ L ot
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Sampling Equipment -

D Backhoe Include Detuils of

D Drill Sampling Equipment

I:l Hand Auger and Procedures/Methods

Q’Shovel of Sample Collection

’_] Other : (1 erticrtorhe any deviatic } L . B L L
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Statewide Corrosivity S‘tudy--Sample Log

Page 2 /
MDT Materials District: ///SSwf /;' ) County: J/jfg‘(aﬁx SR
Materials Supervisor: Lo, 7o Location: 2AEp, e 7 IR

/@F A~/ @ )\.ﬁo / I/U.oéz/a léz’q,u/ it

Materials. A S
Sample Photograph »

Sample Id. # Code* Size Reference | For soil samples, enter " Gravel i Sand i
[E Soil Sample Dl S1-ss1 ) e the estimated percent of et , SR
D Soil Sample / ' material for each grain ! . j
D Soil Sample / ‘ size. Collect a minimum "
D Soil Sample / » sample size corresponding ! '
D Water Sample . 1o the primary constituent |
I:I Coupon Sample (ie. gravel-9000g) E :

Minimum Sample Size 9000g (19.81b) | 6500g (14.31b) : 4500g ( 9.9 Ib)
* A -Backfill ssmple from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert

Comments: lq - <\f‘ a_wohstuce 27,3 %

Bofing/Excavation Log

Field Engineer: : Boring/Excavation Location:
Sample Depth Sample
Depth ASTM Visual Classification and Description from to Number Remarks
iformation Checklist L ___Attachments
lSampling site location and description (geology, topography, etc.) 4 @ Photographs of site
lSampling equipment information/sampling methods Maps of project site
Sampling methods Adequate size soil samples
Sampling material information . E(—ll’lmtogmphs of soil sample sites
o
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NTL Engineering Statewide Corrosivity Study--Samplé Log

& Geoscience NTL Engineering Project Number 00-301

1508 14th St SW, Great Falls, MT 49403-3269
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Culvert Inspection Réporf
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Approximate Age _Jj & rs ) Coating: ,;‘7 2 i A S Location of Soil Samples: 7 ‘At 5 e
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Statewide Corrosivity Study--Sample Log

; Page 2 . ‘ J

MDT Materials District: /L’///‘SSJw # ' ' County: Yo b
Materials Supervisor: /P Ler, Dot Location: } o e

Materials

Sample  Photograph
Sample Id. # Code* Size Reference For soil samples, enter Gravel Silt/Clay
Soil Sample {\3\ -S2-52y D mf’g} "3 the estimated percent-of ‘J'D —ﬁa’%%f ' {;’@ - b _ T
D Soil Sample / material for each grain B - ‘ .
D Soil Sample / size. Collect a minimum : &
D Soil Sample / sample size corresponding ‘
D Water Sample . tothe prinimy constituent ‘
D Coupon Sample (ie. gravel-9000g) :
Minimum Sample Size 9000g (19.81b) | 6500g (14.3 Ib) i 4500g ( 9.9 Ib)
* A -Backfill sar;1ple from a co}roded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
— 1
Comments: La-sy ‘L v o stuce = \S D%

Boring/Excavation Log:

Field Engineer: : Boring/Excavation Location:

Sample Depth Sample
Depth : ASTM Visual Classification and Description from to Number Remarks

nformation Checklist Attachments -

]Sampling site location and description (geology, topography, etc.) &] Photographs of silé

]Samp!ing equipment information/sampling methods D Maps of project site
]Sampling methods @ Adequate size soil samples
]Snmpling material information [__' Photographs of soil sample sites
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Statewnde Corros1v1ty Study—-Sample Log
& Geoscience
1508 14th St. SW, Great Falls, MT 49403-3269

MDT Materials District: N\\ SEB m

NTL Engmeermg Project Number 00- 301

County: SAMJA’.[ ) Sampling Date: () d / L3 / 20
Materials Supervisor: R wWh Tedd Highway/Milepost: { 25/ 3.1 Sampling Date: iy _ 3 [23 / o20)
Station/Offset: __ 40’ 4 RE & Sample Location: '
Project Team Members: ‘,’DBN 'pmw: 2
General . i e R R
Site Description: ( L0565 Oraex ), \-\Mm \33 N?} . Site Sketch ‘ : ‘ .
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_ Location, Description, and Reference Number
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Culvert Inspection Repo

Roadway Station:_ywé 13.) e Length: General Condition: an:é,
Culvert Type: cee Diameter: Photograph Number(s):
Approximate Age: 2D+ “r 5 Coating:

Remarks/Comments

Location of Soil Samples: 37€ a#,,\/wﬂl/
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‘Sampling Equipment - -~
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Shovel of Sample Collection
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Statewide Corrosivity Study--Sample Log
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MDT Materials District: \"\\5&0\».,\& o2 County: A My e el

Materials Supervisor: R Tl y Location: Nio “ v,.ss; R

Materials SR o

Sample Photograph .
SampleId.#  Code* Size Reference For soil samples, enter Gravel | Sand Silt/Clay

Soil smﬁple' Bsd-551 ) D 4500 the estimated percent of e e | so
D Soil Sample / material for each grain |
D Soil Sample /I ___ size. Collect a minimum

D Soil Sample / sample size corresponding
I:I Water Sample ' to the primary constituent

D Coupon Sample - |(ie. gravel-9000g)

i Minimum Sample Size 9000g (19.81b) | 6500g (14.31b) | 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments: Werer )l hee feir w et u”"" me 20T,
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Boring/Excavation Log

Field Engineer: _ Boring/Excavation Location:
, " _ Sample Depth Sample
Depth ASTM Visual Classification and Description ' from to Number - Remarks
nformation Checklist .. it Attachments
]Sampling site location and description (geology, topography, etc.) D Photographs of site
]Sampling equipment information/sampling methods ' I:]Maps of project site
]Sampling methods DAdequate size soil samples
]Sﬂmpling material information D Photographs of soil sample sites
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NTL Engineering ~ Statewide Corrosivity Study--Sample Lo
& Geoscience NTL Engineering Project Number 00-30 l’

1508 14th St. SW, Great Falls, MT 49403-3269

MDT Materials District: ﬂ\;gam\‘ﬁ County: %_Qﬂ&f‘-f"’ : Sampling Date:  eun A ] 2a }’m\ l
Materials Supervisor: '\2«\\»“-)‘ Tg :3 & Highway/Milepost: Y2 (L. %%  Sampling Date: ~ @msw __ 3 12‘ 3 an :

‘  Station/Offset: _abp ¥ 24 & Sample Location: 5’ coclooe of yuvect
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Location, Description, and Reference Number

:] Photographs
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"Culvert Inspection Report

Roadway Station: /%72 \Zxc) . Length: L - General Condition: _6.:1&;:@/
Culvert Type: S . Diameter: __ g * Photograph Number(s): v
Approximate Age: ﬁ{"" ¥ PyE Coating: (e fimuiZe’ Location of Soil Samples: r“am“éﬁ@
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Statewide Corrosivity Study--Sample Log
Page 2
MDT Materials District: ' County:
Materials Supervisor: . Location:

Materials ST RS
Sample Photograph
Sample Id. # Code* Size Reference For soil samples, enter Gravel Sand i Silt/Clay

] soil Sample ~ W\ -85 -331 /D (ofxbga_} the estimated percentof <167 | < 35°4 Ln%
D Soil Sample / material for each grain J |
D Soil Sample / size. Collect a minimum .
D Soil Sample / sample size corresponding l
D Water Sample to the primary constituent
I:I Coupon Sample (ie. gravel-9000g) ?

) Minimum Sample Size 9000g (19.81b) . | 6500g (14.31b) | 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert '

B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert

Comments:

T -Situ mpisture 34.5%

Boring/Bxcavalion Log

Field Engineer: ' B Boring/Excavation Location: ,
: . . Sample Depth Sarﬁple
Depth ’ ____ASTM Visual Classification and Description from 10 Number Remarks
nformation Checklist - .7 Attachments -
]Samp]ing site location and description (geology, topography, etc.) D Photographs of site
]Sampling equipment information/sampling methods [:] Maps of project site
]Sampling methods DAdequme size soil samples

]Sampling material information ! lPhologrnphs of soil sample sites
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NTL Enginéering ~ Statewide Corrosivity Study--Sample Log

& Geoscience _ NTL Engineering Project Number 00-301
1505 14th St. SW, Great Falls, MT 49403-3269 ) ‘
MDT Materials District: (\’\\ibou\_ \L\ County: LJLQ, ‘ Sampling Date: ¢  _ 3 / 2,3,/90
Materials Supervisor: R .\/ Todd _ Highway/Milepost: S 212 m 5.77%/Sampling Date:  nisn) 3/25/nm

Station/Offset: 45 / *—”--A%‘L Sample Location: 'S’QM.M\»M e

Project Team Members: /)ml\' iR La ..«d’.

i

General .

Site Description: Qa\\x e {e ((h\ [ MI)JE\! N Site Sketch
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. E/x {
j ' Location, Description, and Reference Number
Photographs-
Weather Conditions: QL‘ ( ;\lw ny :‘"” . :IMaps

Geology, Physiology, Topography, and Special Features/Conditions: Sy \\* wlﬁﬂ,w @ (§ WHT ﬂnv fai C3 ;?“' ,qg o // ~a /
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Culvert Inspection Report -

Roadway Station: 2, © < //7‘4 ' Length: /80" = " General Condition: oty

Culvert Type: Pt 2~ Diameter: _ 20 ¢/7’ Photograph Number(s):

Approximate Age: A5 ,;»«'() S Coating: (”..,,,,ML.@ Location of Soil Samples: ¢ /’gm ey s ,,g,,w i
Remarks/Comments: //Z’ i s ind ot it o Lo KE2h P ptelises lad Lo A QU&MA// (v/,.,,,\/sa o ad s
:Sampling Equipment - - i
D Backhoe Include Details of
D Drill Sampling Equipment
D Hand Auger and Procedures/Methods
Shovel of Sample Collection
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Statewide Cofrosivity Study--Sample Log

MDT Materials District: //!‘g"Jf)&; ;V) : roee? County: 4/5
Materials Supervisor: A7 e, Location: AR R i T
Materials D

Sample  Photograph

Sample 1d. # Code* Size Reference For soil samples, enter Gravel Sand Silt/Clay
’Soil Sample st 55) 1D v . the éstimntedpercentof e —— e 57 i s
E] Soil Sample / ’ material for each grain i l
D Soil Sample / size. Collect a minimum v
D Soil Sample /  |sample size corresponding :
D Water Sample to the primary constituent ‘
DCoupon Sample (ie. gravel-9000g) : '
‘ Minimum Sample Size 9000g (19.8 Ib) sstg (14.31b) 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert . C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert

Comments: Zr —5/7//,( Mmees 7‘44 re = 17.1%

Boring/Excavation Lo

Field Engineer: ' Boring/Excavation Location:
| . Sample Depth Sample

Depth ASTM Visual Classification and Description from to Number Remarks
nformation Checklist : .t Attachments
]Sampling site location and description (geology, topography, etc.) D Photographs of site
] Sampling equipment information/sampling methods DMaps of project site
]Sampling methods ' [:l Adequate size soil samples
:I Sampling material information D Photographs of soil sample sites
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NTL Engineering | - Statewide Corrosivity Study--Sample Log
& Geoscience : NTL Engineering Project Number 00-301

1505 14th St. SW, Great Falls, MT 49403-3269

MDT Materials District: )‘J\‘\ssam\& ~ County: ‘.\AL | Samplmg Date:  (un) ?)[ E} }&ﬁ
Materials Supervisor: RW Ipdd Highway/Milepost: Ps /oy / Sampling Date: (i _ 3 /%5 Jsp
‘ " Station/Offset: Bod'-\pon’ Li Sample Location: " -
Project Team Members: 'Dw \J\A' Al e '
General - : e
Site Description: __Eb\ﬂ \:Q’,e :Sz..r* Lﬁ»\».m\ Site Sketch
Divrereiem Cownt &—nr &MM 'E\"C‘G'mm [RK ) rm&“»fw / ‘ / / \
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Sample Locations: A \A!E;‘S}\‘f“lmvv\ o c:,ew\v,e.f e \DE ' /;Ej—"_‘
. ' ' gl H :

Location, Description, and Reference Number

' X‘Pbotogfaphs

Weather Conditions: (\gec 5287 ’ ‘ :l Maps

Geology, Physnology, Topography, and Special Features/Conditions: /Z}c / (B /,&,W s S /Z e /"/ ,/,.fﬁwd’ ;w/, )
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Culvert Inspection Report - ©

Roadway Station: ), ,& YAP £7.0 Length: a5 General Condition: &\ ¢
Culvert Type: (39 ' Diameter: { ¥ x5 W Photograph Number(s):
Approximate Age: ?)9“{*5*}« Coating: Galygnized Location of Seil Samples: & /u Q&fmﬂ,\

Remarks/Comments: me(ﬂ re 10 e ladivel Gorr pndidins, Comside rable Amesart o€ ust ﬁeém <tmat)
.Zm-r/zya/a ;daa A rrr wlne K ford /V//?Z/(rfzf J@) Some tmud/‘“2¢ azs /c/w ,u,e//op‘l' 4 '//400‘"//&//'/}’ (‘nuﬁ(d
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D Backhoe Include Details of
D Drill "|Sampling Equipment
[:] Hand Auger and Procedures/Methods
% Shovel of Sample Collection
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MDT Materials District:

Statewide Corrosivity Study-—Sample Log

Page 2
/‘%Kﬁ”ﬁ SR County: L Z‘j’

Materials Supervisor:

by, Toded . Location:

Materials

Sample Photograph

Sample Id. # Code* Size Reference - | For soil samples, enter Gravel . Sand i Silt/Clay
Soil Sample - QA S7-55/) | D Ssp0 "}”W I3 the estimated percent.of /55 &8s 5% -
D Soil Sample / ‘ material for each grain ' ;
D Soil Sample / size. Collect a minimum
l:] Soil Sample / sample size corresponding
D Water Sample to the primary constituent
D Coupon Sample (ie. gravel-9000g) i
Minimum Sample Size 9000g (19.81b) | 6500g (14.3 Ib) 4500g ( 9.9 1b)
* A -Backfill sample from a corroded culvert C -Native soil 'sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments' y Gu;./ bed ;5 mos /,;/, qwa/ w,f?‘i{( Sl P nc S (/5 —/3 ’7 4.3 //J’r".

Mv )}*L&._ o e s

ex 3 7

Boring/Excavation Log

Field Engineer:

Boring/Excavation Location:

Depth

_ Sample Depth
ASTM Visual Classification and Description : from to

Sample
Number

Remarks

nformation Checklist

Attachments

]Samplmg site location and description (geology. topography, etc. ) [:l Photographs of site
]Samplmg equipment information/sampling methods ’ D Maps of project site

] Sampling methods
]Snmpling material informat

RUSHITE NSTRITE uN

I:] Adequate size soil samples

ion [—' Photographs of soil sample sites
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NTL Engineering | ~ Statewide Corrosivity Study--Sam-ple Log

& Geoscience : ~ NTL Engineering Project Number 00-301
1505 14th St. SW, Great Falls, MT 49403-3269 . ] '
MDT Materials District: s Pgry  County: | !i Lo Sampling Date: a3 ~(5 —2e¢2()
Materials Supervisor: 0 Q5 4 Cve HighwaylMiIeMS 3_‘i Z‘ E ,55 Sampling Date: @iy "% %
Station/Offset: {4 S ' LT & SampleLocation:__. K. |
Project Team Members: -\ _\7)?\.&\1,6'(\\(/{\« < vy Gl OwR LY -

Site Description: ()} ,%, 2 . w,P, 25.95 - Site Sketch
v’?{ﬂ\,\%’o"r-;, NO Fwuiinm O WMMTEA ' ‘ i \
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. v A ) s
i g | \
‘ Location, Description, and Reference Number
X Photographs Locazrond ¥ [ phoros /-
7

Weather Conditions:  , (,/ 27’4 ! 0 AT LY - » jMaps
{rpuny ! ey BZAREZR

Ceology, Physiology, Topography, and Special Features/Conditions:
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Culvert Inspection Report '

Roadway Station:_vn ¢, )% 55 Length: 2.2 bR " General Condition: &o00

Culvert Type: £ 45,0, Diameter: 2.4 "’ Photograph Number(s): _{ — 4

Approximate Age: 3 VB pa & Coating: INUISS R " Location of Soil Samples:  Si=e RIOUE
Remarks/Comments: ‘

Sampling Equipment -~ ; 3 O

[ ]Backhoe Include Details of 20T Dear LY Tuesam  Loonsan =0 SE0

D Drill " |Sampling Equipment Shoy \I’L 1. YO s ew@LR '

D Hand Auger and Procedures/Methods : ,

Q\Shovcl . of Sample Collection
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Statewide Corrosivity Study--Sample Log
. " Page2 ‘
MDT Materials District: Y.L\ SR L L County: L\ oo N
Materials Supervisor: NL.CQ8 MO Location: . 1X.5,93 / w2 75.95

Materials e P %
: ' Sample Photograph . .
Sample Id. # Code* Size - Reference For soil samples, enter , Silt/Clay - '
D Soil Sample i I _ @D o) the estimated percent-of N qq ‘
D Soil Sample (% /I _&0 3 material for each grain
D Soil Sample / ' size. Collect a minimum
D Soil Sample / sample size corresponding ) ;
D Water Sample : to the primary constituent
D Coupon Sample (ie. gravel-9000g) ?
Minimum Sample Size 9000g (19.81b) | 6500g (14.3 Ib) 4500g ( 9.9 1b)
* A -Backfill sample from a corroded c‘ulvcn C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments: | "'L' B row  Frow LIME

S rree  prorsreke = 3Y-2 %%

Boting/Excavation Log .

Field Engineer: : Boring/Excavation Location:
Sample Depth Sample
Depth ASTM Visual Classification and Description from to Number | Remarks
nformation Checklist , ot Attachmeénts
]Sampling site location and description (geology, topography, etc.) D Photographs of site
]Sampling equipment information/sampling methods DMaps of project site
]Sampling methods DAdequate size soil samples

1

]Snmpling material information DPhnt();zmplm of soil sample sites
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NTL Engineering o | | Statewnde Corroswlty Study--Sample Log

& Geoscience : : NTL Engineering Project Number 00-301
\ 1508 14th St. SW, Great Falls, MT 49403-3269
MDT Materials District: YL A\\SPE L County: _LAMLOL W Sanipling Date: (w9 /1 5 [z 0
Materials Supervisor: N TR CHC Highway/Milepost: Y} 5 923 /1 &6, 5 Sampling Date:  (nishy LR R
Station/Offset: 25’ w+ & Sample Location:__ Lz

Project Team Members: AL . R & s Tmee Ko o wELL

General i i e e v
Site Description: FUDT G p s S LANMDS 4, Site Sketch )
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Sample Locations: 27 FPgowm  LMIRT OF ' ;' |
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Location, | e'sc;'p tion, and Reference Number
Frhotoravks  Locaron P2 phoras 5 =&

- Weather Conditions: 55+ 1Ly LU , UP0EL :]Maps
1 .
305 L O0Y |, LGWT \WriM

Geology, Physiology, Topography, and Special Features/Conditions:

_@M&%_M_ﬂ/a«f -

Culvert Inspection Report =~ @ .~

. ’ B
Roadway Station:_ ™ @ . \ 5.5 Length: 52 General Condition: oW
Culvert Type: (@5, N P Diameter: 24 ' Photograph Number(s): § — 8
- Approximate Age: \S Y fzHas Coating: ALO N B Location of Soil Samples:
Remarks/Comments: surTLa T  lausvy O Bur NoT WWUWSTRD |
Sampling Equipment - -
I:l Backhoe Include Details of
D Drill Sampling Equipment
: D Hand Auger and Procedures/Methods
@Shovcl of Sumple Collection
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Statewide Corrosivity Svtudy--Sample_Log’

Page 2 :
MDT Materials District: _\L p\50F 1o : * County: LM cOL M
Materials Supervisor: Y. Cuogpmor Location: u.s,2 /m.?,1@5.5
Materials UG Teg e o
' Sample Photograph
Sample Id. # Code* Size Reference For soil samples, enter

[]Soil Sample 2 /I _D the estimated percent.of
[]soil Sample 2 /_D material for each grain
D Soil Sample / size. Collect a minimum
D Soil Sample / sample size corresponding i
D Water Sample to the primary constituent _ : '
[ ] coupon Sample - (ie. gravel-9000g) ; . i

Minimum Sample Size 9000g (19.8 Ib) % 6500g (14.3 1b) 4500g ( 9.91b)
* A -Backfill sample from a corroded culvert C -Native soil s;ample near a corroded culvert.

B -Backfill sample from a non-corroded culvert - D -Native soil sample near a non-corroded culvert

Comments: IS/ Tee ppprosisreve = /Y. 3Z

Boring/Excavation Loy

Field Engineer: Boring/Excavation Location:

[ _ ‘ Sample Depth | Sample

Depth ASTM Visual Classification and Description from to Number Remarks
aformation Checklist -~ . =~ 7 Attachments
]Sampling site location and description (geology, topography, etc.) D Photographs of site
]Sampling equipment information/sampling methods D Maps of project site
]Sampling methods : DAdcquate size soil samples
]Sampling material information HPI1(»1‘>§3|~3‘~.}\¢, of =53 sample sites

Coring leg in” wn LUNRNY e o
el



NTL Engineering o Statew1de Corrosivity Study--Sample Log
& Geoscience : ' . ~ NTL Engineering Project Number 00-301

1505 14th St. SW, Great Falls, MT 49403-3269

' MDT Materials District: _W_p{\50R L County: _LiM¢oL M Prh3 iampling Date: ewmy S—|5-20060
Materials Supervisor: L, Eomiue i Highway/Milepost:\A 5.9 3 ““Sampling Date:  (ishy "o» "

' ' _ Station/Offset: 76! BT & _Sample Location: "5

Project Team Members: _Y__ - B¢ c¥5Y Qo™ 4 e BRwWwiLo o ~

General | i o S a fd #

Site Descriptioh: e SQ{\ AR~ Lot ulAL [ Site Sketch

WEEM(V  FOARSTERD WULS S E \ \

N 60;}\:\46‘ (OOCSBES NoAD, \ ‘ { %
S LY RIS AT L LT st'oﬁ,/ o /\/ ‘
VESLEMT AT  HLUuT LET S el y | \

| | e

> |7 ¢ K sam oL

/I\L\/Lﬁ\"j:__, T . but LT\—

Sample Locations: _Z FRo & U  OoOw psveb | )
Elem  ouwt 16T 2 | Bfaow - ' : ¢ :
F LO\m LM ) o 0 "i/( g
o Z 3 £
F13 | (
\
Location, Description, and Reference Number
EPhotographs Locay, #3 9 -/2

Weather Conditions: {, 00w ‘ga! 5 oLy :lMaps '
7
LAV O S\ie b1 Gnaa2i

Geology, Physiology, Topography, and Special Féatures/Conditions»:

ﬁ»//ﬂt); fgye.s 78/ A I//é

Fb L e e e

Culvert Inspection Report - @ - . »

Roadway Station: : : Length: \ ~‘§ 12 /- Genéral Condition: L 00X

Culvert Type: LN L P Diameter: 24 ! Photograph Number(s): 9-/2
Approximate Age: 9 NB AQ S Coating: (o NV Location of Soil Samples: 2 heforo //_azf F

. » j : C wur/er
Remarks/Comments: ERTYS S lunly (0P  TAowm BN ANY. Vi T aATWOMN

O NoV | M« OV YW v

EEBAY

‘Sampling Equipment -

D Backhoe Include Details of

D Drill Sampling Equipment

D Hand Auger and Procedures/Methods

@Shovel of Sumple Collection

e )"!f-“F (/'f"‘ff'rff"""""4"-'"' f/ev’i";i"" - — e 9 o U e




Statewide Corrosivity Study--Sample Ldg

: Page 2

MDT Materials District:  \—AL\S PY L \— ¢ County: LM coin

Materials Supervisor: = 2. CTQW & A - Location: U:i%.93 /. m.Pr \L3.&

Materials I R

Sample Photograph
Sample Id. # Code* Size Reference For soil samples, enter Gravel : Sand Silt/Clay
[:' Soil Sample 3 S the estimated percent.of g ‘ . S . - (9 _S D}@ e
(] Soil Sample 2 1 D material for each grain
D Soil Sample / size, Collect a minimum
D Soil Sample / sample size corresponding
D Water Sample to the primary constituent
I:I Coupon Sample (ie. gravel—-9000g)
Minimum Sample Size 9000g (19.81b) | 6500g (14.31b) | 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert v
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert

Comments: AARSE T PP sSTecke S SAT G

Boring/Excavation Log

Field Engineer:

Boring/Excavation Location:

Depth | ASTM Visual Classification and Description from  to Number | Remarks

Sample Depth Sample

nformation Checklist - I

“Attachments . -

]Sampling site location and description (geology, topography, etc.)
]Sampling equipment information/sampling methods

] Sampling methods

]Sampling material information

i . . -
Soring log in! o

D’Photographs of site
D Maps of project site
D Adcquate size soil samples

l ) ‘Pln‘»togmphs of snil sample sites

r-]n\' er, o



NTL Engineering | Statewide Corroswlty Study--Sample Log

& Geoscience NTL Engmeermg Project Number 00-301
1505 14th St. SW, Great Falls, MT 49403-3269
MDT Materials District: VA LSPRLL County: Loty po Sampling Date:  (suan) 3 ~15-2 o0&
Materials Supervisor: (L. EQg v €1 Highway/Milcpost:ﬂMM Sampling Date:  (fnish) N b ‘

Station/Offset' ThH7 Ax & Sample Location: e
]

Project Team Members: g., Ve sTne « B\ weaet
{

General -
Site Description: L AMEAL) 1,\/ LT Site Sketch
4
WAARO ([ (a 55t AAD & TRV
0.3 fn  EAsST  EERL yy TETs i
R gve ; SyvaptlL LR GAL

Sample Locations: __ 2~ ! B hvolw Tlrows
LA \2 ¥R BT <\ o=
MOE 5, PUuTAET BmD wns
Qoo AT Yy AlSp oo

SN aLl-  Wilttow TaRGS 4LooviM

MR XT T PP A

LM

)

Locatiori Deschptton, and Reference Number

XPhotographs /zca:um/ Ay ?/‘,,,J 13-/

Weather Conditions: ywpA5YLY . (v ol DY ___IMaps
7/
Wy A0’s L Doy ‘

Geology, Physiology, Topography, and Speciai Features/Conditions:

“Culvert Inspection Report

Roadway Station: yn @ 21 & Length: 1 2 ! General Condition: G oD

Culvert Type: C 1 ™N.P, Diameter: 247 Photograph Number(s): _/AZ o

Approximate Age: 1w YRAaas Coating: N MG Location of Soilenmples: S'ee cfort
Remarks/Comments: NREUWRT ATVIM (o ROWN cLosk 4 Oew  Furt oF

W oY B " Frand W ShHh ; CERTS WM oo joa DI N

Sampln@qulpment
D Backhoe Include Details of
D Drill " |Sampling Equipment
L—_l Hand Auger and Procedures/Methods
[ZlShovcl : of Sumple Collection
. 71" ;




Statewide Corrosivity Study--Sample Log

Page 2
MDT Materials District: V_ai1 1505 L ¥ County: FLATHREAD -
Materials Supervisor: Q. . Fuaech Location: MT A2 . C. 2.2
Materials. PR S
Sample Phdtograph
Sample Id. # Code* Size Reference For soil samples, enter Gravel Sand o Silt/Clay
DSoil Sample S 0 ‘ the estimated percent of ey 0 : 5‘ 1 NG
D Soil Sample 4 P /O material for each grain A |
[:' Soil Sample / ' ' size. Collect a mininmum ’
D Soil Sample / sample size corresponding
D Water Sample to the primary constituent
DCoupon Sample _ ) (ie. gravel-9000g)
v Minimum Sample Size 9000g (19.81b) | 6500g (14.31b) | 4500g ( 9.9‘l.b)
* A -Backﬁll sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments: IASIT el s e £ 35 O o

Boring/EBxe:
Field Engineer: Boring/Excavation Location:

Sample Depth |~ Sample
Depth ASTM Visual Classification and Description : . from to Number Remarks

nformation Checklist "Attachments

] Sampling site location and description (geology, topography, etc.) D Photographs of site

}Sampling equipment information/sampling methods D Maps of project site
]Sampling methods DAdequate size soil samples
]Snmpling material information [_l Photographs of soil sample sites

oring log i’ o r ’:7.2 il D



. NTL Engineering ~ Statewide Corrosivity Study--Sample Log

& Geoscience NTL Engineering Project Number 00-301

1505 14th St. SW, Great Falls, MT 49403-3269

MDT Materials Dlstrlct Laus \P%, Ll County: _ i Sampling Date:  (sun) 3 / l & / zow

Materials Supervisor: Q,\ Qe M AT Highway/Milepost: ﬁi;g&,&g Sampling Date:  (nish) oonw
Station/Offset: 5 & ‘qt %  Sample Location:___ 5

Pro;ect Te'lm Members: o B EULST MW ( Ve RID N L v

General “ g _:,,{ o ,;; , Lt

Site Description: S\ gLl & Slow Flouwik Site Sketch

LB AM GaatlYy  Qeci (b
LO 5% Loni©S .

OUTLRT

Sample Locations:. _® 1510 R P\P R 4
Al peut  Fapwm 2wt ieyT
2/ pmriow Fww Liuk

O

| i

. Locatwn,‘Descnptzon, and Reference Number
mPhotographs o " LAY s /7" 20

Weather Conditions: LOw 3D'5 / 5Lkt - :|Maps
GnGhos R /,Ovﬁuas*r/ oYy '

Geology, Physiology, Topography, and Special Features/Conditions:
‘ A :

B i
B g

Culvert Inspection Report -

Roadway Station: 0\ W 20, @ Length: \To ! General Condition: Fa\L
Culvert Type: e, P. " Diameter: HEZ"” Photograph Number(s): / 7 =0
Approximate Age: 22 T YR ANS5  Coating: MO MR Location of Soil Samples: S€e gdors

Remarks/Comments: _YER® SulLbT QUsST AT Wac g LIME 4 GR L.OU,"
LovmE  QUST DM e ' '

Samplifqmpment

D Backhoe Include Details of

D Drill Sampling Equipment

D Hand Auger and Procedures/Methods

mShovel of Sumple Collection

Mo (prientocte v deviatin e
' 73




Statewide Corrosivity Study--Sample Log

: Page 2

MDT Materials District: VA & LAS (P H 2 L ¢ County: » S D A S

Materials Supervisor: L R O ) Location: =

Materials. DA R

Sample Photograph
Sample Id. # Code* Size Reference For soil samples, enter Gravel | Sand Silt/Clay

D Soil Sampls 1 ;e . the estimated percent of C7 e }9 R ‘00
D Soil Sample WA /1 material for each grain

D Soil Sample _ size. Collect a minimum
D Soil Sample / sample size corresponding
D Water Sample to the primary constituent :
D Coupon Sample (ie. gravel-9000g) '

: ‘ Minimum Sample Size 9000g (19.81b) | 6500g (14.3 Ib) ‘ 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert ) C -Native soil samplg near a corr.oded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert

Comments: LM&'&&Q:ME =255.7%

Boring/Excavation Log

Field Engineer: , : ' Boriﬁg/Excavation Location:
. v _ Sample Depth Sample
Depth ASTM Visual Classification and Description _ from to Number Remarks
nformation Checklist - L .+ Attachments
]Sampling site location and description (geology, topography, etc.) D Photographs of site
]Sampling equipment information/sampling methods DMaps of project site
]Sampling methods [:] Adequate size soil samples
]Sampling material information ’___] Photographs of soil sample sites
I"."l'?,flg o in” «on 'v7‘/‘|' apl Calpr o e :



NTL Engineering , ~ Statewide Corrosivity Study?-Sample Log

& Geoscience : NTL Engineering Project Number 00-301
1505 14th St. SW, Great Falls, MT 49403-3269 . .
MDT Materials District: A oc LISQRLL County: ELAT LR A9 Sampling Date:  (un) 2 ~ b —2oc
Materials Supervisor: L. TR i Highway/Milepost: 82 / 1. 4 Sampling Date:  (nish) h " "o
: : © Station/Offset: 27/ LT & Sample Location:
Project Team Members: Vi, BROKSTNaM A K Pl WL B :
General . i B PR R :
Site Description: U EAMTLY Qorc e G Site Sketch _
T\eLOS  APpyT L 1 M - |. o \
pPE_ LU W  Swoal , MO ~ o |
baen  wvuaTBO - =M ‘
‘ | (
\ -~

|
S
Sample Locations: __ /) M ELoOWw g : ' | 9 ( :
7
' DRa 3 ‘ N
' 2R E; 4%
22 ~ =
= | 23
D{ >
| | ! [
b Location, Description, and Reference Number
Photographs Locazond #e phores A/-2Y
Weather Conditions: ¢\ &1 &FT \M.l'M D . M0 :IMaps
V4

q""s; OMRACAST Dy

Geology, Physiology, Topography, and Special Features/Conditions:

Culvert Inspection Report - :

Roadway Station:_ ™ (@, 1. 4 Length: 54 / ' General Condition: &Koo )]

Culvert Type: AN  Diameter: 2.4 7 Photograph Number(s): _ 22/-2%

- Approximate Age: \5 Vi av s Coating: he2 INi R ‘ Location of Soil Samples: &€ 24o0&
Remarks/Comments: TMLET Caus wed  SU\uATLY v YRWY LIXTLE

LWt da LAusuRO VMVARC | MOMR oM HesT  of P\PR

Sampling Equipment
D Backhoe . Include Details of
D Drill : Sampling Equipment
D Hand Auger and Procedures/Methods
| ‘E\Shovcl of Sample Collection
’ﬂ( nher Qs (/"r,'/i}ur,.rr.- amv deviatirn L o . L /’ .

7



Statewide Corrosivity Study--Sample Log

Pa

MDT Materials District: U8 W5PR L g2 County:' '1: -~ AT HRER A

Materials Supervisor: a . EFoemctt Location: v O

Materials S

Sample Photograph
Sample Id. # Code* Size Reference For soil samples, enter Gravel i Sand Silt/Clay
D Soil Sample / D the estimated pescent of (_cz ‘ . '5 R I @‘R‘ S 07 4 ‘ 5_ -
D Soil Sample | - /D) material for each grain ;
D Soil Sample / size. Collect a minimum
D Soil Sample / sample size corresponding
D Water Sample fo the primary constituent
D Coupon Sample (ie. gravel-9000g) ,
: Minimum Sample Size 9000g (19.8 1b) 6500g (14.31b) : 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample riear a non-corroded culvert

Comments: 2SI T P01 ST RE 2 LS

Boring/Ex
Field Engineer: Boring/Excavation Location:
‘ ‘ Sample Depth Sample
Depth ASTM Visual Classification and Description from to Number Remarks

nformation Checklist " Attachments
]Sampling site location and description (geology, topography, etc.) D Photographs of site
]Sampling equipment information/sampling methods D Maps of project site

]Sampling methods
]Snmpling material information

Coring Lo in® on

DAdequatc size soil samples
D Photographs of soil sample sites

r76 apl atergeer ‘



NTL Enginecring | - Statewide Corrosivity Study--Sample Log
& Geoscience NTL Engineering Project Number 00-301

1505 14th St. SW, Great Falls, MT 49403-3269

MDT Materials District: _\Lpsu spg Ly County: Eve—tir = A0 Sampling Date:  (un 3 /lé / L e

Materials Supervisor: L. TR it l-lighway/Milcpos(: %5/ . 29.25ampling Date:  @nish /n .
" Station/Offset: & ~ LT % Sample Location:

Project Team Members:

" General . ..l bRy R b g
Site Description: o5 1T~ Elovw (M g Site Sketch
Ltass e ELAT Ut ASS LAKMDS
A TILELDS | S50 @ QUM E
\NDOD 3 N RotTom & S\QOR S oF
(OB § A0G W2t \Y
L— 27 oapac .

m’u“
. .\\
Sample Locations: 15 7/ Faoem out LR , T
M B \/ Anlow Elow :
1 _
Location) Description, and Reference Number
Photographs Lo . b . - 29

Weather Conditions: 1\, ,v) =22 . VR e casT jMaps
!
Lavtm , YNy

Geology, Physiology, Topography, and Special Features/Conditions:

Culvert Inspection Report =

Roadway Station: v .9 . $7.25 Length: V30D d General Condition: woeo
" Culvert Type: AL  Diameter: & Foot Photograph Number(s): JJ‘,Z?'
Approximate Age: 20 YR DXL Coating: o MR Location of Soil Samples: , Se== aé‘:g
Remarks/Comments: 5/ Oo G SILLQ B ACE s T o M W AT G LIME

& B RLols

Sampling Equipment -
D Backhoe Include Details of
D Drill Sampling Equipment
[:l Hand Auger and Procedures/Methods
[‘X\Shovcl of Sruﬁple Collection
Momer (prrticntarte avv deviati- o . , -
" . —ay — e e o —eem , "




Statewide Corrosivity Study--Sample Log

Page 2 :

MDT Materials District: Ly L0 G L~ e County: ELATHEAD

Materials Supervisor: VPR AT Location: =7

Materials- B :

Sample  Photograph
Sample Id. # Code* Size Reference For soil samples, enter Gravel | Sand Silt/Clay
D Soil Sample ) \ Y the estimated percent of D - ’ - 0 { 0 o
D Soil Sample LA D) material for each grain’ | ;
D Soil Sample / size. Collect a minimum ! :
D Soil Sample / sample size corresponding ! ‘
D Water Sample to the primary constituent % ’
D Coupon Sample ‘ (ie. gravel-9000g) i r
Minimum Sample Size 9000g (19.81b) | 6500g (14.31b) : 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments: 1RSI T MarosTHert € Z 2237

Boring/Excavation Lo

Field Engineer: Boring/Excavation Location:
Sample Depth Sample _

Depth ASTM Visual Classification and Description from to Number Remarks

nformation Checklist ==~ - e . s Attachments

]Sampling site location and description (geology, topography, etc.) D Photographs of site

]Sampling equipment information/sampling methods D Maps of project site

]Sampling methods : D’Adcquate size soil samples

]Sampling material information m Photographs of coil snaiple sites

Al r' . .

Coring e in o _ ' aa aple e, o



- NTL Engineering
& Geoscience

1505 14th St. SW, Grent Falls, MT 49403-3269

\L&Ms0rLL County:

MDT Materials District:

Lt HRADS pmp %

Statewnde Corrosnvnty Study--Sample Log
NTL Engineering Project Number 00-301

7 X2
Sampling Date:

- 3 7[//0 / 2008

Materials Supervisor: 0. ?\fL\?M A

Project Team Members:

nghwny/Mllepost Jer Afv}/_%‘ % A{Z’eSamplmg Date:  (finish)
Station/Offset:

n

Sample Location:

50’ 0T «

General .. _

Site Description:  Q\Q% ‘HM LU Vil e B
W s 257 Favm ®Yw poF
T - N = ol L . e WA =
O 9aatie  Tyvew e

Sample Locations: \Q ! own (T Le U
o Bl P\OR QPR ACEP,

arLSP Opull- VoL 3 'l.
2! 3@ Lpr  Tlok ClLuwEBE_

Weather Conditions: 2,5 o VLol ima S hieloy

Geology, Physiology, Topography, and Special Features/Conditions:

~ Site Sketch B

s~ N

Locatton, Description, and Reference Number

Lo caz o8 ,/)Aorasj 30 -33

E P@graphs

:l Maps

Culvert Inspectlon Report -
Ter He 3.5’ PPy /14/ Y5.0 , .

Roadway Station: _<44e Brnse ,4? . Length: \ Ov General Condition: (oo
Culvert Type: €. P Diameter: __ AB” Photograph Number(s): 32 -33
Approximate Age: S VA aq & Coating: - Mo i Location of Soil Samples: <See Bboee

Remarks/Comments:

Sampling Equipment -

D Backhoe Include Details of

[ Jorit

Sampling Equipment

D Hand Auger and Procedures/Methods
@Shovcl of Sumple Collection
’—l Other (preeticolorhe ame deviatir

7Q



Statewide Corrosivity Study--Sample Log

, Page 2
MDT Materials District:  JLAUSOEY County: T LT Raao
Materials Supervisor: Q. LR Cix | Location: . [#))
B |
Materials . = - L
' ' Sample  Photograph
_ Sample Id. # Code* Size Reference For soil samples, enter " Gravel i Sand | SiltClay
D Soil Sample -\ D ) the estimated percent.of O i 90 ! O
. . . i i
D Soil Sample A ) material for each grain i j
[ soit Sample / : size. Collect a minimum ?
D Soil Sample / : sample size corresponding 5
DW ater Sample ' to the primary constituent ! |
—_— | |
DCoupon Sample _ (ie. gravel-9000g) i *
' Minimum Sample Size 9000g (19.81b) | 6500g (14.31b) | 4500g ( 9.9 Ib)
* A -Bar‘:kﬁll sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert

Comments: LAUITU o7 osSrer #E = 37 GZY

Boring/Excavation: Li

Field Engineer: ' » Boring/Excavation Location:
_ ‘ : Sample Depth Sample
Depth ‘ __ASTM Visual Classification and Description from to Number Remarks
nformation Checklist e "« Attachments - 3
]Sampl ing site location and descriptioﬁ (geology, topography, etc.) D Photographs of site
] Sampling equipment information/sampling methods DMaps of project site
]sampling methods ‘ DAdcqume size soil samples

]Snmpling material information

. IPhotographs of soil sample sites
1 ., T '
“oring Jog in won r SX o e e



NTL Engineering ~ S/«—~p 5 _ Statewide Corrosivity Study--Sample Log
s

& Geoscience Sa iu,{ . ) ) o NTL Engineering Project Number 00-301
I 1505 14th St. SW, Great Falls, MT 49403-3269 3 “\f / '% @ué w e /; - nof sea \;35»:,:)
MDT Materials District: 'RM (D'Q\ County: MADIS o) Sampling Date: . (sun) Y / /3 /Oo
Materials Supervisor: i Gbmoe \E2Z Highway/Milepost:MT 4/, Q<" Sampling Date:  nish) { ‘/ ) 4
_ Station/Offset: 39795 Sample Location: DRANAGE - r{’) P 44,95
Project Team Members: ) &2 A/ Vi ~JaS)

Site Description: TH FRaNECT 317 WBS Site Sketch
APAbDss mr s LB/ 1 Spur ok Mrs
/’7?147?54—7‘} %ﬁa st P77 <//

REnsEts) SILven ST Awls i CRIOLLS,
The_<etrer_of /ﬁéﬂwﬂh /8 D-LlaiS
WIrH  Hhnd Sids Cue VEeT SECTrimS

Sample Locatlons 4/.501¢ 5/,’;47/&/55 / WATEKL. 54717/«.(,(
« o Shme ?) - /A/affﬁ/p TP Bicrbys_ Corns
Coverr oy 1/ % ¢

+ SO/ '/A<£fé/0 ; '
(or\ommr Geova X 1" 12 @ \L | ‘ i
» SO mp %3- Y & é '\‘ @ ’ ‘

7 “rm—

Cutyeer ) /4 IZ{ . Q‘ Location, Description, and Reference Number

s SoiL SAmbLe MY~ Qurzer B0 B pu 0P of P %4 Photographs SEe Disk*)

MBI g (Erepnd menT
. a//hé'& S/m&:.‘” *) - OUTLET S10£~ STFDING (ATER.
NI17er g '
Weather Conditions: CLOUDH TL‘M(J L)) © :IMaps

NO_ PREP ) 18T D

Geology, Physiology, Topography, and Special Features/Conditions:

“Culvert Inspection Repe

’
Roadway Station:_ 39+ 95 Length: 48 O General Condition: (e
VA :
Culvert Type: cmpP Diameter: Qs/ Photograph Number(s): __ S&££ DysK
Approximate Age: /935~/qs7 Coating: 64L VAN 2D Location of Soil Samples:

Remarks/Comments: _PIR¢ 1S Slf\/éﬂcc.u CoRRop ety o =3 TuAmereR Morws CoRRODED THRove 2
BoTom I')ALf o() CuLvel T F\PP&o\l\mqu 1Y of s Ae 10 RoTTom gpf . SomE
_PARASoN \H&ﬁsof&ﬁmu»o'?;rr mcs'mq Cofosiony ARG

Samplmgjlqunpment e
[IBackhoe - [Include Details of SAmPLZS F-3I-SSI~SSY _RE _Cotscemd Ry
D Drill Sampling Equipment /fbﬁm N S ;»j-ov&,{_‘ JAS [ms ' !
D Hand Auger and Procedures/Methods
Shovel of Sample Collection
/lz()t her (particularly any deviation o ) S » . o
fro: E _ . : S — s




Statewide Corrosivity Study--Sample Log .
Page 2

MDT Materials District':‘ A /D'Qw County: /77/4@/:5() )
Materials Supervisor: Location: _mP <4495

ity
Sample Photograph

. Samplk " # Code* Size Reference For soil samples, enter Gravel Sand . Silt/Clay
[ASoil Sample - / / QQ %89.5 the estimated percent of
B/oﬂ Sample -Sl- A 50147 material for each grain

[ASoit sample TR-S/-583 / S643.% size. Collect a minimum
Eéoil Sample [ Q-5/ -SH 1 ﬂ 15,335%.5 sample size corresponding

mater Sample DS-S1—¢J} to the primary constituent .
D Coupon Sample (ie. gravel—-9000g) ;
Minimum Sample Size 9000g (19.8 Ib) ‘ 6500g (14.3 Ib) 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments:

Boring/Exa

Field Engineer: ;5-'51 Germo E_]‘gz . Daw HazR;;,é?hﬁoring/Excavation'Location: MT—-L//' me 44.95 _STA, 39+9s

Sample Depth Sample
Depth ASTM Visual Classification and Description from to Number Remarks

O° | Aspaer B _

O% | Fre, Base Chavel, 0% ss-4 | A
{ BackEiLL _—PAsc CRave L ] T Ruw !l ] sS-4
3 ° EnbonkrmenT Fitl o 3. e S<- 4 ou’l;l-iI__
Pee Backe)  Bleck siaTy cLay MATIVE So. L > - Ss-/ 7&5_‘:._7_
Y 0 A, 7

[
79
N
o

5.° ?PE 36«4-'-\\ ML}'_MJMxL SS-2 |ouTLleT
o /4-41’9"7
& | ec RW@%LML ' s5-2  misr

= lT/\/ dLﬂ}/ (SRTMRATEA D)

Information Checklist =~ =
D Sampling site location and description (geology, topography, etc.) IZ’ﬁ\otographs of site S

B§ampling equipment information/sampling methods D Maps of project site

D Sampling methods : E?\dequate size soil samples

D Sampling material information Photographs of soil sample sites ~
"o Jng loe infrmn ‘ Oth L coupons, ele)
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Statewide Corrosivity Study--Sample Log

NTL Engineering
NTL Engineering Project Number 00-301

& Geoscience

1505 14th St. SW, Great Falls, MT 49403-3269

— —— m
MDT Materials District: Buﬂf m?;\

Sampling Date: Y // 3 /43

County: /77/7ﬂ/50/‘/
Materials Supervisor: e oz £ Highway/Milepost: 4| /50,29 Sampling Date:  (nish) 5?/)3 /»
Station/Offset: 77’5 / Sample Location:_me 50 zg SExKpass

Project Team Members: o é?mo; == W,

Site Description: 77£ /?ﬁ(ﬂcr 5728 L/AS ite Sketch
ﬁ[ﬂaﬂw@za J<<3 L2 Abent df s
R :e;‘ o 17— <Y

57t . e 2 - STock TAss
THE 571@57¢A/ of HitHuny s P-caves
WITH /nmw,./ Spohil Cyuzc’ff SEEPS Q\

/"

Sample Locations:

' S0 Stmpeg P - INLET [MO W 575
Cuw;—.,zr' Dy At ¢

e Sore SAmpt 22 meerrevp. Dired

N 43t @

Location, Descrtptmn, and Reference Number

2 Soi. SAmie T3 - InEr D FACK Fed

2 Photographs

sef Disk 2 \DISL Hs -

AND E MNP T,

N 25 1+ q_

:I Ma‘ps

Weather Conditions: Cé.of ou ~TEML 2\// 6/00
No RoECI preFron)

Geology, Physiology, Topography, and Special Features/Conditions:

- = / =74
Roadway Station: 7+3 '-/ Length: 3¢ General Condition: 0
Culvert Type: cmp Diameter: (9 xF ” Photograph Number(s):‘ SEE
Approximate Age: " 5 Coating: ALNANE2 20 Location of Soil Samples:
Remarks/Comments: PIPL 1s SCLHTIU CoRRODED . PiPE /S Ruchnia on THE OUTsI0L of e Z2e
Aﬂﬁeommmu; /07 alf ST A W Borraer oL T4

‘Sampling Equipment .~

D Backhoe

[ Jorin

D Hand Auger
] shovel

IXI Other

Include Details of AmMPES DR-SD . S -SSR st Corgrcrzd L

Sampling Equipment &zmg: SHoVEL #ls ' '

and Procedures/Methods

of Sample Collection

(particularly any deviation . [ R
Sro: - RSN —— g




Statewide Corrosivity Study--Sample Log
Page 2

MDT Materials District: 4 ~ County: AL 150D

Materials Supervisor: j7A < Location: me so0.29

Material
Sample Photograph
Samph " # Code* Size  Reference For soil samples, enter Gravel Sand Silt/Clay
Eg il Sample /Di S22 SSET 1 C _éZZé_ the estimated percent of
Bgzil Sample D—.? S22, SeL ! C 7054 material for each grain
[ 4soil Sample D‘Qﬁ"gZ S5-3! A 12234 size. Collect a minimum
D Soil Sample / sample size corresponding
D Water Sample to the primary constituent
D Coupon Sample (ie. gravel—-9000g) \ : ;
' Minimum Sample Size 9000g (19.8 1b) 3 6500g (14.3 Ib) 4500g ( 9.9 1b)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments: ~ =) ! 3 Z 7 JAS10¢ Cut yeeT

‘Boring/E
Field Engineer: :BUJ-GRQQ% £z \Dx,g ﬂagg‘mgga'rau Boring/Excavation Location: MT7-4| mP s0.29 <Ta. 27+34
=1

Sample Depth Sample

Depth ASTM Visual Classification and Description . from to Number Remarks
(o] —_—
o) Aspha L1
— Fy
05l FliL Base seavel o
’q Y ) ’ 2l 9 A=l
I £m bANKmenT Fret / SS-3 lweeT
7 EmbaEmmadT FiLL
& 9 LmbandKemed T /'L L S=- =2
ol . . . . . o g A-d-
¢ |onside Ppe  naTive sore b te |Ss - ) LT
3 T | R (o
7 1 DiTeh NaTivE sorl Savd BTy Gravell & 77 SS-2  lniET

Information Checklist =~ “"“Attachments "

D Sam pling site location and description (geology, topography, etc.) E Photographs of site

Bfam pling equipment information/sampling methods D Maps of project site
D Sam pling methods Bﬁdequate size soil samples
D Sam pling material information I___| Photographs of soil sample sites
e g locin" o T e0eons, etce)
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Statewide Corrosivity Study--Sample Log

NTL Engineering

& Geoscience NTL Engineering Project Number 00-301

1505 14th St. SW, Great Falls, MT 49403-3269
MDT Materials District: Y County: I e A Sampling Date:  (sur) 5"/,;70 / 50

1
Materials Supervisor: Bz /¢12mm,w7 Highway/Milepost: US 89 mMP ¢/0.09 Sampling Date:  (finish) g[ ;o)
Station/Offset: S J.3 -fO | Sample Location:_M P <o, 09

PrOJCCt Team Members: /Pl Ll G’Zmou £Z )Pm; W&u/ﬂou

Site Description: ’77’)[5 ?Zai,dcf Sprw bIAS Site Sketch

AP0 1 g prr2bid 4 ES —é Noetr of- f ’ f

Myt MR KEE o N /
a / :  fAtt @Vo

1S P-2A0ES  (WITH mﬁm,: Smbct
CuLvEkT SECTIONS ’ |
; /
|

Sample Locations: W ' w_;«m‘ Fc%
’55‘ L, /MLtET ?&’A&O coﬂt?amn cuumeT 2 7 L @

°SS'*0? E A oL Pe) N ,(.'é
Ss*3 ouTLET, Bompm o—/’ Drred (o mw GhouiyY 3373:@

vSa-H /,\/LET’ @wu@bmcm €o Nokml_af PAE

&

(ORAGIAL A@m\ M Ky _ ;
Location, Description, and Reference Number

s L) #\i@m'lf’-ﬂ_’) 5 L~3«§’RL
co-M e Puce of Copreoen RS th"mg"aphs N7 “usK

28’ Lt @

Weather Conditions: ?ﬂﬂu C Loud u Tlmpe Xsp© :l Maps
i

NO HREC 121147 9a0.

Geology, Physiology, Topography, and Special Features/Conditions:

. /
Roadway Station: ﬁ 3 3+0| Length: <5 General Condition: ’Pd)
Culvert Type: Cm/’ Diameter: y2:1 ! Photograph Number(s): SEE s “‘“Z/
Approximate Age: I Q3O Coating: (nzéz_ AN 1265 Location of Soil Samples: :

Remarks/Comments: ’PIPf /S SEVERE t; CogfodsD

Sampling Equipment -~~~ >

[QBackhoe ~ [Include Details of SAmiiis  Tr2 S| SSl-55-1_ e CorlzemEly Ry

DDrill Sampling Equipment Hann  SHowes, A’ A ’ !

D Hand Auger and Procedures/Methods

[z Shovel of Sample Collection

Othcr (particularly any deviation L e o
fro: ) - . -
~~~~~ v i g —



Statewide Corrosivity Study--Sample Log
Page 2
MDT Materials District: ?umf (Dj?\) ' County: I o AL

Materials Supervisor: MML Location: 2l . 0F

Materials

i

Sample Photograph
Sampl. " # Code* Size Reference For soil samples, enter Gravel Sand . Silt/Clay

— .
E Soil Sample [ ded-S53-s31 1 C (/2035',2 the estimated percent of ,
mgoil Sample 2-S2-552/ S 1,825.9 material for each grain
[ASoil sample  9-53-SS3 /_C. S0i3.7 |size. Collect a minimum |

[Asoil Sample -S3- I_C S sample size corresponding ' ’
B@V ater Sample DQ-S3 -l ‘ to the primary constituent . |
BCoupon Sample -S3-C ' (ie. gravel-9000g) ;
Minimum Sample Size 9000g (19.8 Ib) § 6500g (14.31b) | 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments:

Field Engineer: rBIc.L éema% ég_:DAN }mw&m * Boring/Excavation Location: (/S &9 : meP <p.09
Sample Depth Sample

Depgg ASTM Visual Classification and Description . from to Number Remarks
2. s onde 7 - _
Po it ISE S £rAcNG (ooavEL o A-1
o ~ — . A (2]
2 | Enbovkmen7 <1/ e
. [2] /NLé'T
Vd 2 Ql SS-2 A-2
57 - 7
4 | 7p or Pipe ] 471
7 T F
pA &
S | BTlom o Gpe e =
z _ /1v
= ;1‘534(:( WATVE a;l. _fuCTvC.LA)/ = sS-/ |
_ > /INLE
¢ NATIVE =il I Teh 'baa\«d c/i/ - Ss-4 ’q -
A7 ou
¢ Tec Bal_naTive so!v, STy 014/\/ Z sS-

Information Checklist =~~~ = " ‘Attachments "

D Sampling site location and description (geology, topography, etc.) E'Photographs of site

ZSam pling equipment information/sampling methods DMaps of project site

D Sampling methods Eﬁdequate size soil samples

L—_' Sampling material information BT’hotogmphs of soil sample sites
%t ing loe in" e . o T Cenpons, ele)

- 86



NTL Engineering
& Geoscience .

1505 14th St. SW, Great Falls, MT 49403-3269

Statewide Corrosivity Study--Sample Log
NTL Engineering Project Number 00-301

Sampling Date:  @un _S, /Za /90

MDT Materials District: - County: mEAGHAE
Materials Supervisor: “Brer Gkm Highway/Milepost: US Sampling Date:  (fnish) /zp /,;,;,-,)
Station/Offset: //J/4/3 Sample Location: ﬂ7/0 6/5‘, 7,;2_,

Project Team Members: e

Site Description: THe ?Zauz! T~ S177_(AS

Y Y- N Vy-"O)

Site Sketch

ﬂf/zmc/mm‘w /spo’ soutd of M Jell

rpe ket b 'on s 9 AusT NORTH
Ef?w(,um;, THee STRETE M of [htdetng

W ITH: mﬂz/y SMF2L  Cilt wbiber

13 o2~ LANES
SECTgmS.

Sample Locations: 4/ So1e. SAmeesS

’ SSI //\/uf'f' Rpr 22 _CORRODED Cuyeer
£9 LE <«
INET, Prbr BeexFice, Corkonss Cun vslT™
N (812 G
* 3S3_outeer, Vb BO, CorAD Curvtrer
N 009 R G
- SSJ ovTLET <urlpcint AR 19 & @

Weather Conditions: %@«Lq Cloud 4 ‘7% 2 A<
No Peec rﬁxﬂﬁ"mand

Geology, Physiology, Topography, and Special Features/Conditions:

™

L oA
\ l] e R it st g S
\ | g0 /
Feoy, ¥
— %,;’4‘5 >
3 SV7ZN$JN6
Jo AR .
.... J g
-

o R a5

Location, Description, and Reference Number

Z\Photographs Segt ISE Y

:| Maps

Tk

44’

General Condition:

Roadway Station: _/ |&1+) Length: _
Culvert Type: CMIO Diameter: &5/ v Photograph Number(s): T K #"S"
Approximate Age: /350 Coating: (A v /220 Location of Soil Samples: '

i 1]
ipr 1S SEw2ELy  CORRMED ’/4_2 ~ 8 Diswmeree, HoelS CoRROVED @ soai

Remarks/Comments:

Rotrem /'/HL[JLCULVL&W. A of e Dz 10RATS S (ons CAwselS ’Ra{ CORROSI 01D

_Am S D2-SH-SS1 7SS | puter coccseTEO

"\3\; Haw D  SHavlciwls

‘Sampling Equipment

L—_] Backhoe Include Details of

D Drill Sampling Equipment

D Hand Auger and Procedures/Methods

@ Shovel of Sample Collection

g’ Other (particularly any deviation R
Sro:
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Statewide Corrosivity Study--Sample Log

, Page 2
MDT Materials District: 85 ITE | i )—od 2 County: DUACH

Materials Supervisor: L " 2 Location: NE. A 72

Material

) Sample Photograph
Sampl. ' # Code* Size Reference For soil samples, enter Gravel Sand Silt/Clay
[zg_oil Sample NR-SH-SST g G/ A 10754 the estimated percent of
zf Soil Sample -SY-SsX/ [0, 3 Zﬂ.;’ material for each grain
B’Soil Sample TR-SY-SS%/ /4 (,007.7 size. Collect a minimum
B’ Soil Sample m S-S54 A 14,0270 sample size corresponding
D Water Sample ' to the primary constituent .
D Coupon Sample (ie. gravel—-9000g) ; ;
Minimum Sample Size 9000g (19.8 Ib) ‘ 6500g (14.3 1b) 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments:

-Boring/Ex

Field Engineer: 31(_ 6Pmoﬁe1 Boring/Excavation Location: _/S 89 mP 3, 72
Sample Depth Sample

Depth ASTM Visual Classification and Description _ from to Number Remarks

o
0° | Asompr

s
05 fﬂsf . 5U£€ﬁcwl; 62/2%54./ A-2Z .sfq./ei':, SRAVE L o)
' -/ ouTLE|T

< 7 sy ssif | 253

T . o 7
2Ol F\_embankmenT A9 sncky Grovely Clay z

< A4
‘7{ 322, /NLéT enpl

7 T‘qig OF ?:,bé

o)
. 1
67 | - BTlon oF P-'PE &7 L
—_ 7 OUT LE
D (P.bgjco(?/ wslve <ot A7 sy b | ls9 ss3la7
N v ‘ 2 INLE
8.0 . B (9 ss/ fm-
Information Checklist 0. R tachments T
D Sampling site location and description (geology, topography, etc.) Bi’hotographs of site
E’Sam pling equipment information/sampling methods DMaps of project site
D Sampling methods ' Bﬁdequate size soil samples
D Sampling material information IZ/Photographs of soil sample sites
AT ing loe in"age >'8‘—/8|/(v)”. T Ceons, ele)



MDOT/MAT © ID:4064446204 : MRR US UV 1U:Z¢ ND.UUZ P11
Statewide Corrosivity Study--Sample Log

PN + mv& NTL Enginecring _
2 pcoaareit & Geoscience : NTJ. Engineering Project Number 00-301
‘}\ GEOBOENCE, L. -
1ANS 34th St SW, Grcat Falle, MY 494033269 .
MDT Materials District: G’frﬂ/ )7 /[s County: 7// ort Sampling Date: @w _07-4 -00
Matcrials Supervisor: . Blossorn Highway/Milepost:_Z - /5 Sampling Date: sy 0760 O
Station/Offsct: 703, /&8 Samplec Location: (7, /, -7 &é[//, Z géwg/;
e
Project Team Members: J/eé( /}’/o[fﬁ/ ﬂprdu)ﬂ// G427 and ks jmmnc e
General TR - T T
Site Dcscnphon 'ﬁp /%am/ ,ﬂ/‘ s Site Sketch CF St | P
S8z A wopth of ML 308 o) ' y . |
_I/S ?F/JJPEA) guﬂ?f_’, gan/ ﬂc,%d . % ’ - ¢
Zhis 15 4 lavce Loteeshite Js 0. s
— > p | g | l
iG] 6?‘ .
< ' ! j DS [P @

, : M N

/ / ) ’ vx,«/v'\i/m 1./.?‘/{/& A A A A A & A WAL A A u.@
Sample Locations: S 5o e [opve < Floosd : < !

,ﬁmné, ‘/4 /- coﬂl-’czfcg Pipe_Mat 'L » ! : l : /\ <
\53// M #f/" ﬂn://,// Y2 ]

R 2~ Xk o We ot Emdl . |

il Samply #.5 - fﬁcéf /! mat L - fZ&g fole isd Location, Description, and Refcrence Number
@A)e :]Photognplu Qﬁ Eﬂé ﬂ ,f,l /qffmé ) - 7hee 7

ol A 07T amge %’E?"w/cfeucl Se 6P . Bkl punt L zsot S

JBmple ,&L_LQ_‘__L.MLL_L__A&!T/'

.ﬁlm@ 5 - Backl)l @JA 2t mod. (oee. Lhot #5 Mikoe %/L avd Do) Heea

Sample G- Coecoded m,on /7/,57 H - &4/ Il mat'f the. ol
Waeather Conditions: M Ol 465 % ‘ % VAR 2o gﬁué" . /

gﬁ 122 g daﬁéb*";mﬁ)
Ehot, #7 - fwﬂmpk

Geology, Physiology, Topogmphj, and Specinl Features/Conditions:

S o V) chksofos . NMalive $o M PE L with Fo [iwe
Rondway Station: __ 22727 oy Length: 200 " General Condition: /%02/
Culvert Type: 2nmp 'Zgje_u) _ Diameter: 30" Photograph Number(s): QF’;;‘E {- Pt l-7
Approximate Age: ___Z0 m Conting: 6’5//)4,1 yyZ e Locativn of Soil Samples: &éé;é Jall /m #latd.

RcmarMommc 1s: ﬂa/oeé.?‘ @atze‘ac/ap/ Seae gf//,i Vs ﬂl ff' af ¢ o8 fifé ﬂ:ﬁ/ /
/ ‘;. £  (lowgss/ 2 7 fcﬂ?’ ﬂa/um/ /AQ;____A&'%L(W/DQ_/ Vs

2ot
Sampling Equipment
[]Backnoc Inciude Detutis of
[Jorin Sampling Equipment
E]nnnd Auger and Procedures/Methods ﬁm )
[ shover of Sample Collection
I____] Other (particularly any deviution
: an wlllnfdproc«lmm) P — ' N —
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MDOT/MAT lU:4ubad402u4

Statewide Corrosivity Study--Sample Log

mioan Vv VY >

MDT Materials District: ég‘;‘f :7;7 /ZS Puee? County: 7ZTon)
Materials Supervisor: m Alossons Location: M/ éf J/;
Muterinls - s , L
Sample Photopraph
Sample 1d. # Codle* Size Reference Far soil sumples, enter Cravel Sand SilvClay
D soit Somple £ ¢ 1510 _A — P [¢7 _ \|the estimated percent of - V2
Soil Sample t1-521 _C — P3 material for each grain fo©O
Soil Sampie ﬁﬁl_ﬁ AR, - P K:/  |size. Collect a minimum Jot2
%\ml Sample  (Esih f-SS/_A . _ P s&b sample stre corresponding /52
Watcr Sample /£ 5% /-S4 P 7 \tothe primary constisaent
mCoupcm Sumple ZF sk -Sb L ] (te. gravel-9000g) :
I |Minimum Sample Size 90005 (1981b) | 6S00R (143 1) : 4800g( 991k

€ -Native s0il sumplc near 8 corotied culvent
Iy -Native soil ssmple near & pon-eansniel culvert

LE st /- Somple #3 _sor] Zake

* A lackiil sample from a casnnded culvent
1 Jiackfitl sample from & non-corroded culvert

Comments:

Serm _ipside culoecd

a (/eg,,

Roring/Excavation Location: __42.52F /188F 70 Lt
. /]

F Md Engmccr.
] Sample Depth Samplc
Depth ASI'M Visual {Jassification and Description from = to Number Remarks
7;;050/‘/ 4‘%’;@90"(, Mat'l_ A D 0.6 g’j
20| Baklill ot o theth sde (Choct _(Up LS P 0.6 |37 1 S;If‘b
ﬂfom_égo sAmple <€P¢&n‘£@ ' ,/
’7/;05m/ d Orsavc Mat 'L o 6.6
15 | Mobioe Mar't  (Clay ) /18'et okl-z0]| 2
/hal'iu(m {gg_gé/ Sepen sl
Backloll pat!l.  Feom iwside 0y lvest (CAQ zil=1-—1 32
/ﬂﬂﬁo// d/ Deguic. Med - 7o 9, O |06
b ﬂﬁzjf// it 'L from ﬂ/»aéeat, @&axwt Keea_.. 06|25 | #
funidlen s _samole. Sfﬂfﬂﬁﬁj
‘Infornation Checklis} - o Attachments s
[___] Sampling site location and description (geology, topography, eic.) w Photographs of sitc
D Sampling cquipment information/sampling methads D Mups of project site

D Sampling methods
D Sampling material information
[:! Boring, log information

Adegquate size soil samples
Photographs of soil sample sites

/g Other sample. cte)
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MHR VD Vv LUZT 1NU.UVE T .11

MDOT/MHI lU:4ub44402v4
NTL Engincering Qtatewxde Corrosivity Study--Sample Log
& Geoscience NTJ. Engineering Project Number 00-301
B 1408 J4th St SW, Geewt Fulla, MT €0403-326Y
MDT Materials District: ﬁgmz Z’;l/‘ County: ﬂ@ ,,/,-ro o Sampling Date: (o) 7-(-00
Matcrials Supervisor: 7. Eﬁ@m’ Highway/Milepost:_74/. Zrd Sampling Date: oy 7-6-00D
Station/Offset: /D3/+ 20 Sample Location:_(), /4> . ¥/ Jo e
Project leumMembers _&&4 Mﬁ )ﬁ' ﬂ,oz)u)e// HmidQ3p

‘General SR 5
Site Description: ﬂéoreﬂé S/ﬁ 215 = )[ SieSketch (£ S/7EZ
/}7/’. 34,224, fe f03/20  ow ZLme
) It ™~ > |
pa A — \ ¢ Yu
™ L
\\ / . { Kv

Sampie Locstions: 2 %o/ !ﬂ_f_n[)/f( - [-wals.

.. -~
Sl fnmaéﬁ . Bl bl et feor Q“} > ‘ 7o >
MP-/A <1'r/p 0 ¢ - ® i
‘ mole®, e 'L FPoor Q§ R /
et sidde. - / 1 ¢
I Location, Description, and Keference Number ]
Sl : okt Eael of /&"“"""1’"' M Z ﬁfn/ / 7Zm
Coloeet, (1 4+ _ . 1L = Swmod #/

~ Weather Conditions: ¢ 7 /] ' g +75°
7 DR

Geology, l’hysnolvgy. ‘Topography, and Special Fentures/Conditions: ﬁu/mﬁb /s /9/& ind ;,_y_gﬁ Reen L8 e

Coulee 7o bt side wih Gt »ég 52&22 Abar s L &L = Liy gﬂéu)ﬂ
/mm , fain S*Zbem Ldt'fe)-tl 7.'4Poa< Léea . CZ:/D:E; bas  ahot 36 [oueﬁ, Mt L
E%aqﬂ‘rr Jo Googl _ Sha LCu
Roadway Station:_/03/12 2 Length: _ /94 Genersl Condition: _(Jrp o Lonncl
Culvert Type: _C2/F~ Lrents Diameter: 347 Photograph Number(s): Falls st # I=¢
Approximate Age: [0 yeor 2L Conting: /Epnu Y . Location of Soil Samples; Zg Ll / a? i 98 &F
Remarks/Commcnts: a u[)e E)/' 1S ) 12 oed'-{ ¢ab<[ fAnae: 71;20“ nA -aa‘ 47//” Fiee Mat' i T/ L5~

Sanipling Equipment T - o
[ Backhoc Inctude Detaiisof Ll s o A s les o loetood A
o Sampling Lguipment  fhsod  Aeioce. & Tooels '
mi land Auger and Procedures/Methods
Shovel of Sample Collection
%Othm’ (particularly any deviation
from utlined procedurey) ——
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MDOT/MAT 1D:4064446204 MAR 08°UU  1U:idr NU.UvZ ©.ic
| - Statewide Corrosivity Study--Sample Log ‘

Page 2
mnT Muteriils District: _@@f Z/ [‘, A County: . ﬂ/mum

Materials Supervisor: . ) ) Location:

el 228
/03/4Z9

iR -
Sample Photograph
. Sample 1d. ¥ Code* Size Reference Far soil sumples, enter Cravel : Sand i SiWChy
[Asoil Sample ~ 4E_hbz-SII B oot / oo estimated percent of R i
(A soit sumpic  £E Stlez-S21 _Q_ : | material for euck grain i D
(] soit Sampie !  {size. Collect a minimums : f
[Jsvil Sumple / L sample sle corresponding i
E’Watcr Sample QZ 2& X-53 ' ‘ " lto the primary constituent , *
D(‘m'pm Sumplc » (le. gravel—3000g) ‘ ; :
| | Minimum Sample Sire 90008 19:2 1) ' ‘ 65005 (143 1) | 4600g ( 9.91)
* A inckiil) sample from a comnded culvert C: -Native svil sumplc near s corroged culvert o
B Jackfill snmple from a non-corrodid culvest D -Native soil sample near & non-consdunl culyert

(‘.omme;m: ﬁ# w ya ;.5 /3. y 2278 Sé&, |

Roring/Excavation Location: _J&_&F & 10z 1

/ S Sample Depth Sampic
Depth | ASTM Visual Clussification and Jescription from ___to Number Remarks

o | Zsor[ & deomic A1 | o lns) Site#Z_
20| B Ll il -~ g8 'L £ | Noslzs| ¢

g /ﬂo/ﬁ(w s e scae il
8] "74‘50'/ & O/le)__c‘_m.[/ ' . Q2 _lo.c
15\ Mt Mt L. “pz it G nslzol 2

Pipislaee 5#»51:5. Sepera Lo

L AR

Information Checkbist: -~ .~ . 7. Attachments

. D Sampling site lovnhon and description (geology, topography, eic.) , Photographs of sitc
D Sampling cquipment information/sampling methods D Maps of project site
D Sampling methods DAdequnle size sail sanples
D Sampling material information . Photographs of sail sample sites

[((Boring log information : Other sampleswatcs) coupons, ¢tc)

92



ripu s rim
M

WY T T Y W e v

Statewide Corrosivity Study--Sample Log

a + @l?& NTL Engincering
A;'\\ & Geoscience NTI. Engineering Project Number 00-301
. "A M.ﬁ ]
1408 1 4th St SW, Oecmt Falln, MY M0T-326%
MDT Materials District: County: Tetos) Sampling Date: () 7-T-0D
Matcrinls Supervisor: [ 4/ 0sSom Highway/Milepost: 30/, 44/ Sampling Date: ]-7-00
Station/Offsct: 777 YA Sample Location: ( o

Project Tenm Members: / ‘

Au //7/7)%# /{)}\HJP //

General

Site Description: % {/Zé jf _-? ) Site Sketch jz,izfj
6 ok T )5 M In, 4] South Bewsd ' Logth SEEDED Al
fawe sy Beliveer //AanA,) AN & e ‘%
,f.|3 €0 5
A
. - ® B
Sample Locations: 7 ﬁl'/ )qug/c, — Mo //‘ AR T
Wale, =sampl . v <._E.z1mz___ :
( /- ) y 7 » .
) Voedh side gulvest ”%72/' ;
r'/ &— # 7 ~3 ‘
Cu /U&Lf Lammon, Dcmnptmn. and Reference Numlm
: ]Photographn ;——é 2432

o

+ 75

Weather Conditions: g7/ ﬂ[nuo/u
' )

ve. / /jé@

Geology, Physiology, Top:?phy, and Special Fentures/Conditions:

/ %mzo/e #1 Pak £
/77;71/[ & S’Amﬁz{z‘f 7 —

il s WsTde’ w/fm:f‘”
fot #L- Trivge A2eO

/ Amm ﬂ&m_./ L?Z G P'#‘"

pod 0.2 rmathe w0 Colomgde

Hllea = L&

o
D

Rondway Station: Length: yis
/

Culvert Type: ame J Diameter: _ 7 ‘/ /!

Approximate Age: % es 2 Conting: &/—w)w‘gc
Remarks/Comucats:
Sanipling Equipment RN
[ sackhoc Include Decuils of
it Sampling Equipment

1land Auger and Procedures/Methods

Shovel of Sample Collection

Other (particularly any devition

outitned procedurcs) : . .
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MDOT/MAT 1D:4064446204 MHK U3 UU  1U-2f 1u.uve & .ac
- Statewide Corrosivity Study--Sample Log '

- , Puge2
MNT Materials District: : A4 County:

Materials Supervisor: = flnsshen ' v Location:

DUNEESY

Miferinls - T - _ S
: Sample Photograph
Sample 1d. # Code* Stze Refereace | For soil sumples, enter Cravel Sand | SinClay

Eﬁﬁoil Sample GF 5/@3 j the estimated percent of ) a2,
[(Asoil sample  EF 543 STL material for eack grain 0D
[ soit Sampie (IU’_S'JCZR ) size. Collect a minimum . ' :

D Svil Sumple sample size curresponding {
D Watcr Sample ) - to the primary constituent }
] Coupon Sumple | ' (te. gravel~9000g) ; :
. s ’ . |Minimum Sample Size 9000g (19:8 1b) ! 65008 (14.3 1) © 4800g { 9.2 1)
o A -ttackiit] sample from 8 comuebed culvert €: Native yoil sumple ocar 8 comoded culvert ' )
1 Jrackfill sample from & non-catraded culvert ‘ D -Native 01l sample near & nont-consadal culyert

Comments: -~ ,Zﬁmeé /’/&Dh’l Ou}/::?L : 1/‘({« M_Zﬂﬁ&&#?
.@I’ (4151 de - - / — , i

(2 /(J@d—'.

Roring/Excavation Location: M // 40&{' /[ﬁ/ﬁ 4& Q ﬁ E—./-

' - ’ S . Sample Depth |~ Sampic
Dcpth ASTM Visual Classification gnd Desvription v from___to Number | Remarks

0 | Topul A Opase /fL | Jo los ) 57[21&?

/s | Baclill ptl ahwe sile JM jfffu At.(/ncif' e lzel
"/b 'g+ (/m:e‘é»w% é J(yerpczﬁ/) : ) o

- MJJ/J& du/f.?c&'f o0 put fet Em/ . Ebofive 2.
47 T A

/7/0/?:4/'3& Jﬂg}@j@czaff}; \

Informafion Checklis” =~ .70 . T Attachments
. D Sampling site location and description (geology, topography, €ic.) %Nmmgmphs of site
DSamplmg cquipment information/sampling methods Maps of project sitc
D Sampling methods D Adequaute size soil samples
D Sampling material information ) E Photographs of soil sample sites
DBonug log information ' DOthcr samples (watcr, coupons, ¢tc)

94



NTL Engineering Statewide Corrosivity Study--Sample Log

: Hud ~PLO-STPS 323~ 1N 22|
Geoscience T
& Ge P\—o\‘ed" B 34 b S of Graleka-s N LEngmeermg Project Number 00-301

1505 14th St. SW, Great Falls, MT 49403-3269

MDT Materials District: Ql end'Y e County: Covtev Sampling Date: @y _ 4 =24/ -0Q
Materials Supervisor: Q .\ ém rngyY" Highway/Milepost:__— M7 333  Sampling Date:  (ish) 4/ -2 Y- 00O

Station/Offset: NG3+39.4U_Mely,c Sample Location: Se/p, : gt/ﬂ w1 £ & de of Culr6s
Project Team Members: E s Uja knei- | A. Gorosk J ashag g¢

Site Description: Jhis LbQ] ‘ecd o e /s ' Site Sketch

_dgx__&l miles S’auﬁurf’ Zk@/ikk_ on , E o~
g husa 3. Thore arc no Mile markers Rood waw Gass Lavd \{Dﬂ“

an this Pro; et Thus projeet 4s a Co/g_q‘_o'

c o 4 a ac 6
with Gnerefe prpe. The h: '?l“,gg}/ (s & two Lane \
with Scueral culver? locations sec 06‘4451/_ 1%’

' \N
et uvg.oca‘tan ~cpovths //;0 \P N\_ _S%Q\;\_d_. .
\ Do
Sample Locations: 3 &‘am,a/t’ locatitng Lbb' @: . / ‘L \
7
Cam p/tS # [ Jaken Erom /87 c/em/J cu? 2% &JDA“\ N s{h@ e A

éﬂé& Q.tﬂ" hﬁﬁ bgd-//'n; gé LT of &
&Ma j6 #Z.  Falken A/C’x?" ) /Z:T_-_ bhoth Lot
. / / "l & Gvass Lew d

j_@n/a 3 ﬁ,écn up stream on dkgumqa w

/30 Rt ef é / °2,’ Belor #o 2 go, /. Location, Description, and Reference Number
[APhotographs Clen=Gite |- 3 Sarples Tukon
4-5 Roed Wey snd 761\3\«& ayce,

Weather Conditions: ) , /V C foid ” ¢y5? [ |Maps
s/ 9/17" M.t

Geology, Physiology, Topography, and Special Features/Conditions: z a ?4 ne yad dirca +5 £5 //q (,/4 g 'l seme

&j_éy_c&yw_éﬁ_/h&zf_@nmi* pisked cate Ao Stoundivyg arca 15 Mative gracs ford
used 1or graginy s Thers s o small dem on the a,ae/r S e . Jhs fend i< /nos?‘/l,
Flat_somce jmi// Aills

Roadway Station: *]93+3% .4t | Length: 3.6 on General Condition: Pooi~
Culvert Type: 8P Diameter: intg Photograph Number(s): _Sit+.] - -8
Approximate Age: _ JQ year s Coating: q alyvani® eé Location of Soil Samples: 8g £/ Bﬁ%‘i QQ.JJ,'M‘
1 44
Remarks/Comments: Corvrosiom on Sidswells shects Ny apPX. 30 m yn end G o NY Covr 3.0
on Dsth erde. cvmginn ab ot end of Ripe S

[ ]Backhoe Include Details of atl SawP\c > Yokt Loth Shevl, & Scaope
I:I Drill Sampling Equipment ' 1
r_—] Hand Auger and Procedures/Methods
Eéovel ‘ of Sample Collection
B’Other Seve [ |(particularly any deviation
from outlined procedures)

- MAY o 0 2000



Statewide Corrosivity Study--Sample Log - .
Page 2 .
MDT Materials District: G‘Gh&h{ G County: QQV""C v

Materials Supervisor: R.uoyNey Location: g,'#“ oy 3323

Sample Photograph

Sample Id. # Code* Size Reference For soil samples, enter Gravel Sand i Silt/Clay
MSoil Sample D-Y4 -s1-8t / _A i9* d the estimated percent of /00
Béoil Sample D4 -S¥-82/_A. a ¥ PR~ 3-Y |material for each grain /00
[Usoil sample  D-y4-g|83/ <, __i1s* £s size. Collect a minimum /00
D Soil Sample / sample size corresponding
D Water Sample 1o the primary constituent
Coupon Sample D-4- Si ' " |(ie. gravel--9000g)
Minimum Sample Size 9000g (19.81b) | 6500g (14.3 Ib) 4500g ( 9.9 Ib)

* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments: Contvector Wad dug Yhis C’_v\leY‘\' ot av\co vl veplacs UJ{H\

eoncvete Pip- Mpishure Savw\_o(%s derne ot Glondive Dist lab (scc ﬁﬁﬁc)/\g:_f)
W\ms\'\xvu Qc.pm;\'- A

n
Field Engineer: Boring/Excavation Location:
Sample Depth Sample
Depth ASTM Visual Classification and Description from  to Number Remarks

No %o\-)vw:A dene ot thes QQ‘\‘C v
ety ocror A\u:\ N |

IE/Sampling site location and description (geology, topography, etc.) E’ﬁhotographs of site

Sampling equipment information/sampling methods D Maps of project site
ampling methods wdequate size soil samples
Sampling material information Edéhotographs of soil sample sites

D Boring log information E’dther samples (water, etc)
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NTL Engineering | Statewide Corrosivity Study--Sample Log

& Geoscience NTL Engineering Project Number 00-301
i -9Ge)sI3 PE gineering T
1505 14th St. SW, Great Falls, MT 49403-3269 - ABS 0)0\7,6 Z‘.sf' & Wes
MDT Materials District: Qlendive D-4 County: _VALLEY Sampling Date: @y _ F-2&- 00
Materials Supervisor: P terna- Highway/Milepost: M7 2. Mf 4£70.7 Sampling Date: (nish G- 26-00

Station/Offset: _]308%+3% Sample Location: Zis,/c Culysyd Outs cle ek
3 . ) .Z /_)/'4:’)\4]5

Project Team Members: )e é(/mu 0 L3 by

Site Description: 7 s Pro ‘ cc:l’ site /S Site Sketch

on H;ahwm 2 in rhe Wi th portion Jf /\,\\, N 'J,{ @ sa~ple @)/\
Qusteict. Bhe site is apx gt MP 550.7 -» ~ Saw’élé‘) & Sunple /
A mils West &F Gswcdu. The hu,yhc P @ ’

a 2 Lang ropd ,th “rolliur Hills to The  wPsgs!

North gl Grosslonds #o Souwth, Of /s
Ehirly Flat. 7his areo. has ql/l‘c'/-a ¢ v
&,“/V&i’?‘.‘- Sce /'77'1‘40‘:/ CL:/V = é‘l/s/) (7‘(01 —_— —— — — 5%.% -~
I"G'/cr*-

Sample Locations: _3 ¢ SampP [¢ Locatinns
_&Mﬂ/c@ Taken Theough dole in culvoet
amx» 2 _on The NMopth end at weet sidy

wFculvert. 297t £, ' Th‘: R ~ % A \\.J:‘
Sab,ﬂe QS) Takew oatside culvevt 37" U‘ e e
¢ . " Belpws top soil, S
Suwg_\G @) Takew 100" ¢t oF & un6+va i Location, Descriétj;on, and Reference Number
PLI Yo Q. 0 Qc\ow +0n6i>\ I l Zrl)hotographs g 7('6 g /‘/o/e VZa% /ii"'o @/OP*L\
%(/of Pp- @ Ccm/t u,o %4,:;‘70
fog 4 @ éoalc sou Dra,n
Weather Conditions: ~° | Hindhy  Potlyy [ IMaps @xorﬁafl”" ;Q‘/”‘# {2 a;o/c’/»icms/
Q‘ 0 L\\‘ ! >
)

Geology, Physiology, Topography, and Special Features/Conditions: _JA¢ scnoizt / arce. s Fulty cleyoe
The spaundin, area 15 sative 71—:/55 fard uscd B graging. the Po//:ﬂ{lr h:tls "o
Worth airc An\lk a< Vc';:oﬁ:fa-\., bltivse of Fhe /m‘c'Vu /«»i abce

"Culvert Inspection Report -

. / . -
Roadway Station: /308 73 & Length: 74 General Condition: / 9/) o)
Culvert Type: ompP Diameter: 30” Photograph Number(s): & -/ Z
Approximate Age: 30+ \16 avs Coating: qa/ Van 126 o Location of Soil Samples: o/ 12/ Culyar=t

Oufsid e M 6/1:// /00’(//5 OF

Remarks/Comments: ' ﬂ s S (‘((/l/&' k‘?" /< /@u: ff-e/ /7117" ey 6041%

“Sampling Equipment_ . :
[ ]Backhoe  |Include Details of AN Sanples Zakew wiTh Shevel £ Sgosp.
D Drill Sampling Equipment ' - ’ i
r_—l Hand Auger and Procedures/Methods
Shovel of Sample Collection
ther (particularly any deviation
Secoo /9 from outlined procedures) 9 7

MAY 0 Q 700N



Statewide CorrosivityStudy--Sample’v Log AR

Page 2 ¢
MDT Materials District: @) N J 'Y € County: Val | e v
Materials Supervisor: Y. LJoxwer Location: /J/7 hwa 4 C 2
Materials
’ Sample Photograph ( .
Sample Id. # Code* Size Reference For soil samples, enter ‘Gravel i Sand i Silt/Clay
Béil Sample DY -8 284/ _A o N the estimated percent of —_ 100
Soil Sample Dy~ S 2-55/ A n % material for each grain 70D
@'Soil Sample D4 -%2-S&/_C 1 ¥ size. Collect a minimum . , f /90O
D Soil Sample / sample size corresponding ‘ .
D Water Sample ‘ to the primary constituent
Coupon Sample N#-S 2 ‘ (ie. gravel-9000g)
: Minimum Sample Size 9000g (19.81b) | 6500g (14.31b) | 4500g ( 9.91b) |
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert .
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert

Comments: /’00/37114»}'5 ron /!; 7‘/:. /.)fg'?l/’/'vc,'?z [z/é(gc’c cl#qcﬁa/>

Boring/Excavation Log’

Field Engineer: Boring/Excavation Location:

' Sample Depth Sample
Depth ASTM Visual Classification and Description from to Number Remarks

Ao 'go}«;’w« Spic c"// 7%/‘5 S;"7LG
50;«7;/: nfancd (. T S/!ovc/ 4)"6/57000”/0

Information Checklist -

[H/S pling site location and description (geology, topography, etc.) @hotographs of site

E}g:mmpling equipment information/sampling methods D Maps of project site

D’gampling methods "Adequate size soil samples /
ampling material information B%hotographs of soil sample sites

D Boring log information |:| Other samples (water, coupons, etc)

Q0



NTL Engineering Statewide Corrosivity Study--Sample Log
& Geoscience : Tm 94 :Cg 9)/ o PE NTL Engineering Project Number 00-301

1505 14th St SW, Great Falls, MT 49403-3269 Powdov R/vE - -Gas
MDT Materials District: (/¢ h(L Ve Comnty: Pralyrl€ Sampling Date: oy _S ~ figele
Materials Supervisor: K. bWJoyngyv Highway/Milepost: 9% /4R §74,8  Sampling Date: @nisy _& - Y- 0o
Station/Offset: £/ +&/.4¢ #] Sample Location: £ Qﬂm@ Outs.de &1;6'
Project Team Members: /P, /4/6‘11'}’) GFr M. _Stroh Otarmaqs

SRR

Site Description: Thris (_)]'C-‘c/ <Fe /S Site Sketch ,

on 99 ﬁﬂx / /‘h/)é' l(/:sf 2 7&;'1»1/ Sa’f'tc@ ~ Cyoy quxcf(

a? Stilon Yarrbise . This 1s o 4 4% - - N

/M‘ (—Mqlnw-M Samplos twore Takan on aP e Sane

/ ldna: . Thors are crup 1%, Sv'@&

[avw/ helh A/o:—ﬂ: ad Soulh +£ /em/uma - ___ N - S

Jhers _is /H—zﬂ\‘:an Arrehs ncm/ ugst Bournd |

Afcoe - mc’}'ﬂﬂ: NAumeriens & /w;-;ls (e 7en 2=

Fhs aveae  SEa Culy it i'r/oarf o N

Sample Locations: _3 &an\ﬁ Jocations

So\w\Ol(; N Takow H-\wm,,k hole in = . "5"7; S - T NI - -

qs] Bou v, l

So\w\o\ﬁ & Tekon on Wk cide North cnd IR

inlet end s v

Sample 4 Takaw (0.5t Nocth o€ Culvet  Crop  tand

\“\@+ end- bz aclow "i’up ol S .
Location, Description, and Reference Number

Z(’hotographs - 5#%-3: Phss L2 Hole in _culved

P3  Faern % /Vc»w/ of culvert
Py Cdéa 610 Lord Fo.:.uu N SAOW:M
DM"MZ

Weather Conditions: v)g° cleay . aod <unn [ IMaps é""/“"" (""“3 S"*H 5"”“"(}

~N
Geology, Physiology, Topography, and Special Features/Conditions: s gm;yﬁ_ F_arca S S /'//\, mg%eﬂa. /

7% o SkoUn /2? greé. /s mzu?b/u c»-o;o &m/ [t "“744‘44 Al 4 on Fhe /Hog,;uu.%

‘Culvert Inspect

Roadway Station:_2£2/ +(. (., e Length: 394 m General Condition: LAB POO 7
Culvert Type: O<AP Diameter: _ /092 5 ¥ fgé £ mm  Photograph Number(s): /.=
Approximate Age: 2 Coating: G lvine P Location of Soil Samples /-/a/d /0 G,/V(-,:f
7 U Novth 5M/ west srde /e
Remarks/Comments: SZc Culvert i SR £1om berd i - Drarn ~q°

‘Sampling Equipment .~
DB"‘Ckhoe Include Detuils of S4 /7‘7//.-/ ST 00 /'ao ;Sf Ao /6' C//V R i
D Drill Sampling Equipment ’ / 7/
D Hand Auger and Procedures/Methods
E/]/Shovel of Sample Collection
, ther (particularly any deviation o . - B
Scoo )0 fron . [*rlur« - e R MAY 0 9 2000



Statewide Corrosivity Study--Sample Log :
Page 2
MDT Materials District: G /ond v ¢ . County: Prglvie
Materials Supervisor: 2. lJavn ¢~ Location: T RL

Materials &

<' Sample Photograph

Samplk ' # / Code* Size Reference For soil samples, enter Gravel : Sand . SilyClay

B/Soil Sample DH~83-s7/ A 4 A 1.2 the estimated percent of BN IeIN)
B/Soil Sample DH-83.sq/ A 13% .4 material for each grain . JIoIN)
Q’Soil Sample DY-83._¢9/ Q 138 38 size. Collect a minimum ' i /60
D Soil Sample / sample size corresponding
D Water Sample to the primary constituent : ;
‘ECoupon Sample DU -63 : (ie. gravel—-9000g) : ;

. Minimum Sample Size 9000g (19.8 1b) % 6500g (14.3 1b) 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert C -Native soil sampie near a corroded culvert

B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert

Comments: m@/s%um-e Fan_/n 0/5%/—/}{% [aé C;/c*nc//')/(\’ (?’65 a#«ﬁc%c_/)

‘Boring/Excavatio

Field Engineer: Boring/Excavation Location:

Sample Depth Sample
Depth ASTM Visual Classification and Description from to Number Remarks

M Boying Lonc 07Z 7%1}5
g fe  Sa m//a%% Jakon (TA
<.'Am/6°/ éS(’./‘)(’)(jO

Information Checklist _ , "Attachments
Béampling site location and description (geology, topography, etc.) Q’f’hotographs of site

Sampling equipment information/sampling methods D aps of project site
ampling methods. -~ . : lﬁ equate size soil samples
[z}éxmpling material information I_U_(gotographs of soil sample sites
!——_] Bo e T informat’ e i (water, co nons
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NTL Engineering “ Statewide Corrosivity Study--Sample Log

& Geoscience NTL Engineering Project Number 00-301
| Zmay-5(29))70 PE gincering ro |
1505 14th SU SW, Great Falls, MT 49403-3269 P Jor Rrrer -Eas
MDT Materials District: C/p née e O Y  County: Pra’rie Sampling Date:  (san G-~ 00
Materials Supervisor: 2 {Uayrn 6y Highway/Milepost;______ SamplingDate: (s S~ /- O Y

Station/Offset: 55644 9. & Sample Location: v Gilyert ?4/(5:45 P 4;5
: . A Farna 7 c

Project Team Members: /? LIJQ yney . M Stroh
4
e - - ———

General i :

Site Description: 74 ,'s e d ite 1S Site Sketch

on Z9 Qetween  Zalbon & Terry 4 r
Station, 5561266l . Thi's Sa & é/ \,)\

fm‘m,v;La-FC. 7ha Gggﬂn/ns LR ﬁ,kcn ” 7 » f

o 7he Cast Bouad [Anf O e Mol h _ et @V\'—- —_ — .\_ —_ — - a
Sidg 13 ¢rop Land 4 _on 4e r?/w?z/l ) ‘

/S /7////5 n-”/ Qg_bga_‘/ I/PH, Sfecn diarma s v ‘ ]

ZThs are e, ’ & /K\ P
Jhis locatien < a a/c.rla g are o 20°-95°

Sample Locations: _ 2 5fm'0/05 Locattion < _/t

Savrple 10 104, 08 Jakion zszz, Mele 1A —_— - = = = - — - -
culyersd ’ Eest bouy) | @ So'»\plf 10
Sann/e /. jaken o tside soalh zm/ ol Som{;lﬂ i > %
th/o /m/l/ayf Lpply L8E7 S’g/c. . ‘ \ '
e mg/b’ /,Q Jatean Lo 7Zre rainay € ! - RS ®S4"’\fI¢ Iz :
‘257 / Location, Description, and Reference Number

/ aitr. «S'ar‘*n/d' Tak s o oA, ZPhotographs P//fo#/- Shows h‘z/d e /ramz

/ ca’npn v/2S /56 Fak, o~ ) _ . o Bottam wAore Su MA /0 ivas

5(’6111'6’6/
P/laf'o‘tz /-Zcz”j Y 74 /"/”7@"‘“/

Weather Conditions: <, , y gﬁ/ Loar [ IMaps /0”4

75° TS ety S Looks, g Sher

Geology, Physiology, Topography, and Special Features/Conditigns:
THE arca % The Svalt Cné—/cm/ (% brg b lls a«,/ﬂ[ 5705':.4 cut «_/;/2_@75
fogal apueh IIgrve.. There s a /i//-au//?-»vcé fopn 1 sy _parseth 75 7%0 highend
s LoTh side s croy lane (/‘”Dﬂ/’/'ﬁf A Intos Fhe /)é//awsfom&’ e v

Culvert Inspection Report -

Roadway Station: 55 S6+0%4& L Length: o gL0 m General Condition: S —
Culvert Type: CS /3 Diameter: /SAY mmn Photograph Number(s): _{, 7 5’
Approximate Age: 2 ‘ Coating: ?,. lrnazef Location of Soil Sa;ples J{)s o n ( 21/;'@7{'
T A\
ot .l cdeca [PDra/req G
Remarks/Comments: Sca ﬂ,/p'mﬁl ) sﬂpcdé,n /@’}4 J:«-?é J
Sampling Equipment R SRS R
[[]Backhoe Include Details of Sho VG‘// Sep0 0, fos7 A»a/zr ///'f/f cr—
I—_—] Drill Sampling Equipment '

D Hand Auger and Procedures/Methods

%vel of Sample Collection
|

ther (particularly any deviation

) ‘Sfj(f‘/‘}?/ ~ - wed “rres ‘ _




Statewide Corrosivity Study--Sample Log

MDT Materials District: é)/@n c/l e D4/ ‘ Fage? County: /Ql’q r) e
Materials Supervisor: 2, IWornc Location: Z 2
Materials
Sample Photograph
Sampl ' # Code* Size Reference For soil samples, enter Gravel Sand Silt/Clay
El Soil Sample D4 -S4-910 7/ _A Salbs the estimated percent of jog- ¢
ESoil Sample  D4-SY-Su /_A 10,5 Jbs material for each grain 109
[]soil sample  D4-SY-sia /_& _89lks size. Collect a minimum {00
I:I Soil Sample / sample size corresponding
[E/Water Sample { )Q‘S“ - S} to the primary constituent
mJZoupon Sample D Y-sy <5 - (ie. gravel-9000g)
Minimum Sample Size 9000g (19.8 1b) § 6500g (14.31b) i 4500g ( 9.9 15)
* A -B‘acld' 11 sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments: Moisture fFan in D d‘r\ C\- La\b ( N Slellle] P\'aclnG OP\

Boriag/Excavatio

Field Engineer: Boring/Excavation Location:

, . Sample Depth Sample
Depth ASTM Visual Classification and Description from to Number Remarks

Mb %bv AN ck$ c\())’\’e, :\‘%- ‘\'\'\3 S
<;+C

Sa\m\p es Takew (W \ihwt\

?Ds?\’ e A\‘tﬁev QY\& QCOO%D'-

Information Checklist . 72 Attachments

E’Sampling site location and description (geology, topography, ctcv.) Q!‘hotographs of site

B'Sampling equipment information/sampling methods ' D Maps of project site

| }S ampling methods [a/Adequate size soil samples
ampling material information E/Photooraphs of soil sample sites

I .
“aring k arm, | ;/\.;, o e 5, etc)



NTL Engineering Statewide Corrosivity Study--Sample Log

& Geoscience NTL Engineering Project Number 00-301
1505 14th St. SW, Great Falls, MT 49403-3269
MDT Materials District: T3/ LLINGS County: H ELLOWSTOe.  Sampling Date:  gun) 27-00
Materials Supervisor: ) )oHses HighWay/Milepost: I Yo Sampling Date:  (qnish) Y- 7-0°
‘ Station/Offset: [S3(+03 Sample Location: DrAINVAS 05008
Project Team Members: Jdeuvsern~ B Herwl IS MKA/LL
Site Description: S|TE [ on)  [~Fo Leqoels)  Site Sketch
BiLLives v Hepo N AT MP_#95.5¢ - ' N S o3mSeT
St . 15331+ 03  drave | vTer | o TP e
2N
BT e — __
7 -%0
—_— —_— > —
Sample Locations: '{éﬂryy\o esS EL
S-1_evrner —Soit F Aty SUEHTLY . oTie lo— </
CorRRopPen QLLVELT - S.ze
S-a Swoicor FILLIWPe. MexLT T2 / » \\
Queveert _ R
S-2 Bomsrn oEGoiwaT more T | /4 SeeT7n '
S-Y g o TP oF PPE o Location, Description, and Reference Number
| APhotographs Bue SiTE | L RKovcy P-§
SeersmmersTS
Weather Conditions: ' ﬂMaps /- TG 90-7 (A ) 91
ASBocTS

Geology, Physiology, Topography, and Special Features/Conditions: é__gwt‘lz%t/u., FL AT 173 Rotein/é rees

‘Culvert Inspectio
, .
Roadway Station: / 53 | +632 Length: A General Condition: (0D
Culvert Type: 528& 12 % o Diameter: /O & Y (- /1~ Photograph Number(s): P I ~— P
Approximate Age: JNSTAUL /& égr,Coatingz BrAac k. MAST 1< Location of Soil Samples: /& Le7~ A8 7u€
ACROSS BoTron~ LBAcCkFLe
Remarks/Comments: PP HAAS CorRoEN RoTs Sce PSS Mastic o

[MS 108 Rpmdra x 2'0f SwelS, YN mAaTeriat TELoveso oT Ko TEVN,
Qoo AOT WALK THeL Piee -~ wc-r/muaoa S0

Samplmgj,qulpmen
DBackhoe Include Details of L LAOD Stipls.
D Drill Sampling Equipment
I:l Hand Auger and Procedures/Methods
%’@ovel of Sample Collection
| Other ) (particularly any deviation e o S ‘ - A
e el = 103 = == MAY 0 3 2000



~ Statewide Corrosivity Study--Sample Log

Page 2 _
&S County: L/l Lo co STBrE

L —F0

MDT Materials District:
Materials Supervisor: Lo Jop S Location:

C ’ Sample Photograph ‘
Samphk ™ # Code* Size Reference For soil samples, enter Gravel Sand © Silt/Clay
B’Soil Sample e 13-/ Jooe  P-l the estimated percent of © ' =20 YD
E’Soil Sample RKroSmz/s-2 SBoovo __P- S/’ ) material for each grain O RO YO
B‘Soil Sample AseSir2s $-3 _ _psep P -5 size. Collect a minimum ye) QO (=)
B’Soil Sample ,ﬁ% sire/ S/ S780 _[P-¢ sample size corresponding o | /o Z0
D Water Sample to the primary constituent ~
D Coupon Sample (ie. gravel-9000g)
- |Minimum Sample Size 9000g (19.81b) | 6500g (14.31b) | 4500g ( 9.9 Ib)

C -Native soil sample near a corroded culvert

* A -Backfill sample from a corroded culvert
D -Native soil sample near a non-corroded culvert

B -Backfill sample from a non-corroded culvert

Comments: Bl =P | S .53 spxen FRON /AS/06 Cuolier T

Boring/Excavation Log: " - el e o
Field Engineer: J . ~J0 H~SoN Boring/Excavation Location: //0/7‘/’2_7_ Ce WO r’%— ce
A7 | Sample Depth Sample
Depth ASTM Visual Classification and Description from to Number Remarks
25 5&7\)0[5/(_77750 e DOTLET [AISIDE A LVERT a2l 0| oSl S-/
75 ‘S/HUO:;/ B0/eS MEAR (e T | /30| .so| 25| S-A
(S| Graverry Seie weeT JSinE Lorvert Kmda Voo | 0 | .28 S=3
75| Svle - Sitty Cray o 7P CosverT o l.s2| 75| <-uy

Information Checklist ~~ ~~~~ ° . ttachments
[}Sampling site location and description (geology, topography, etc.) B’Photographs of site
D’Sampling equipment information/sampling methods BMaps of project site
D'Sampling methods E’Adequatc size soil samples
ampling material information B’Fhotographs of soil sample sites

(:])’(m'ir Sog emati D /(/a'y.z/ Swale, oo )

EaW.]




NTL Engineering
& Geoscience

1505 14th St. SW, Great Falls, MT 49403-3269

Statewide Corrosivity Study--Sample Log
NTL Engineering Project Number 00-301

MDT Materials District: ﬁ[ LLAAICAS
Materials Supervisor: __| JaH A/SON

County: pp:rR.o \L LI\ Sampling Date: un _ 55 G 0B
Highway/Milepost:/M7 202/ /M ﬁ/{y.@ampling Date: (s S -~ F -0
Station/Offset: 5467 + 75 An Sample Location: i )2 U WAL/ ﬁg LA or L

G . NessaN (S

Project Team Members:

JAVAASY

S Jornoson

Site Description: Peojecr S\Te. (S DM T

Site Sketch

200(957\ AT MP_(47.95 J1o7-my
. o0fwnvrer STA S61.0S5 m

PIPE IS SCHEHVLCO FOR REPILACL MCINT
OpN PROVCLT NHS - 4 (MR LeTrire
lupe 200€.

Sample Locations: _S - | OoTieT S0. ed
Neowhee <2i | Lr.ppe. S-2
QUTLEeT 7)&9/#&62- —<4’ ; = LT Dyee.
-] OvTLeT LR POLoep SOJRLE.

< -3 PACKEILC TP OF PIRPE jnLes
eMDC/er.m) <-4 DRAINAGE ~
JpLeT ENO DS OJT,

Weather Conditions: — 0 5
[DIND 3 “ q 7 5

.S"‘f

. e e e T T e —
e \ 73/14 (oick-
2 = _:;: S LA

\ .
\ ’*;T.;\ .
&:;%

Location, Description, and Reference Number

[ APhotographs 0/ pq Samere SiTES DRAINAE-
INTERI TR RACKEILL, Severe

:l Maps

Geology, Physiology, Topography, and Special Features/Conditions: 2 ) £R49 thzz/ Feri™/ Pore 8 (2774

Nervr £ree SeaTions.. MATTVE. GLASS — 1/54-% D/éﬁ

‘Culvert Inspe Repo
Roadway Station: Sl +FIS.] Length: 50 General Condition: )Oc)ofa_
Culvert Type: <SSLPel . Diameter: 2= pa (\N(B%h Photograph Number(s): Si =
Approximate Age: ]954 Z Y ")/1 . Coating: _CALVANI2ED Location of Soil Samples: jioLeT DRAINH 62—
RACKEILL | OUTLET DRAINAGR
Remarks/Comments: Pee s rmm.oeb l—loLf/S o A ares MO 70 UPPeR O N

oine - PosTte H'AcROSS RoTION - A0 NG WwATe /3 THELY 6

OclkAac] SoiltS SWRRLov0 NG ARLA .

T7.32 M _CoveRr

U7

‘Sampling Equipment -

D Backhoe Include Detuils of - L E
D Drill Sampling Equipment

|:| Hand Auger and Procedures/Methods

B/Shovel of Sample Collection

I_‘ Other | (particularly any deviation -

“ont ¢ e

1NK



Statewide Corrosivity Study--Sample Log - g
Page 2 ,
MDT Materials District: ﬁLL/ eSS .County: fﬂ EIRoOLeym—
Materials Supervisor: S Jo HATIR Location: NT 200 JN7F 15795

-‘Materials

( Samplé * Photograph
Sampl ¥ Code* Reference For soil samples, enter Gravel ! Sand . Silt/Clay
ESOH Samplqg/q- S $7 1 G 5&%_ the estimated percent of /DO
B/Soﬂ Sample B/a ST S/ material for each grain /00
E’goﬂ Samp]e size. Collect a minimum 2 J 75~
B’Sonl Sample m ﬁ f sample size correspondmg ‘ /00
E Water Sample _g¢)~/ to the primary constituent .
D Coupon Sample (ie. gravel-9000g)
Minimum Sample Size 9000g (19.81b) | 6500g(14.31b) | 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments: fe) =L LATZR TAKE EROM SrAUVOING LATEA

\j .JOJ—HUSM\ Boring/Excavation Location:
/A0IST] Sample Depth Sample
Depth ASTM Visual Classification and Description Con| from to Number Remarks
oS’ JATIVE. So)c SPDMGL:, I/M e =T 015:‘ 0.75 Alsre 251
0.5| Deawace Soie Sponay {/e/wwaw? 9.910.5 | 075 |BLs/TE2S D
oS | BacsFice - SILTY. Some}g\l{,a DAW\P 000 o.7l3 éjﬂf)lrm S-3
0.5|_DRawake - Sﬂoueg Dease W St 424 0.50028 B/mS/rc;lS"y

Information Chécklist .~ 7 ttachments
[ZfSampling site location and description (geology, topography, etc.) E‘Photographs of site
B‘Sampling equipment information/sampling methods E‘Maps of project site
ESampling methods Dﬂdequate size soil samples
[Zl Sampling material information E’Photographs of soil sample sites
q‘B( 2 log ‘nformation A cwmples fvater ons,
——
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NTL Engineering Statewide Corrosivity Study--Sample Log

& Geoscience _ NTL Engineering Project Number 00-301
1505 14th St. SW, Great Falls, MT 49403-3269
MDT Materials District: 2 ) 1_{(VG&S  County: Oﬁ/ﬂ_ﬁm\ Sampling Date:  (un - O

Materials Supervisor: |, lg—_ﬂﬁ% Highway/Milepost: 3/0 / 35.7 Sampling Date:  @uisny _S - 2. ¥ -02

Station/Offset: “/ 74+%6 Sample Location: >/ Z 4 /M) AGE @q& IyIus
Project Team Members: . . Yorosas D S R CHOMONING LS.

Site Description: . : Site Sketch
FROMBCRL ﬁiwm:e T ,,\HM’”‘Z‘M [ 4

)
(omnERAY FLAT— Low Ly e éﬂ"’”‘ﬁ& f
WITH APy &REAS BT W | M /\
LT @& THRpOeH OUT. PIPE |S ‘
AT MILe POST 35T STA $74476 zn ‘ » | -, VJ"(
Ne4-10 D34 B« CRomMRERS - ROCKUALL, (I T 3 /‘ Tk
® [ 4 .
v Il ‘ R
e /. | mr 3501 A
Sample Locations: S-) Aa+tpeesr. Soie 5\ > I
e AR LT —CPPRONLD PIPE . 7 |
S-2 RAcKEIC TN of INLeT— LT CL- / . ,
S-2 A0 kEILe TP oF ouvTletT ATCL ”‘» (l) |
-4 Deaivace pootleT RQT.CH- . M /(6 | Ny
- W \é W\ | IY;P35.0
Location, Description, and Reference Number
| | Photographs GEpeRAL S\ Te. PE-F (0
S eS L Piee 0ol o] o
S€e ComnmesIS

Weather Conditions: PaeT ’ Ciov0y LS°F DMaps

Lo woivDd

Geology, Physiology, Topography, and Special Features/Conditions: _(o =\Ye R At é ’ ELAT | EZ Lo ¢ !? (26 BRECAS

OF Swam e AT +~ocT OL.

‘Culvert Inspection' Re
Roadway Station: 474+ ¥b Length: //¢ General Condition:  _£ 4@
Culvert Type: QP Diameter: 72" Photograph Number(s): P-/ +4 RO P~
Approximate Age: A Yo Coating: OO VAN LED Location of Soil Samples: A0 4Tv/@ m AINE TR
J . RAGL FIv- .
Remarks/Comments:

Sampling Equipment -~~~
D Backhoe Include Detuils of ﬂ/[,;, SHOVCL. SAWLLES
D Drill Sampling Equipment _
D Hand Auger and Procedures/Methods V R E C E l V E D
, ‘@.Shovel of Sample Collection . PRI
. L JUNU 1T 700U
[_' Other (particularly any deviation . L L o

om ol - — 10} e e ity



Statewide Corrosivity Study--Sample Log '
Page 2 ‘

MDT Materials District: 5[ LGS County:
Materials Supervisor: 3 O WMASO Location:

Materials =0

\/ Sample Photograph :
Sampl " # Code* Size Reference For soil samples, enter Gravel ! Sand Silt/Clay

.’ Soil Samplegl sire3 s51/ (O é Q9= Q - the estimated percent of 15 | ¥s
Q’Sonl Sample B |§ 3 ﬂg 352/ A £:20 ? material for each grain 15 (S 70

BSoxl Sample 8 < -3/ & Mﬁ- E ¢ size. Collect a minimum 20 “ Yo
D’Sonl Sample B% §| 55-_‘_// (Z/_ Loo0 5 : sample size corresponding 10 - go

E’Water Sample % to the primary constituent
D Coupon Sample (ie. gravel-9000g) :
Minimum Sample Size 9000g (19.81b) | 6500g (14.3 Ib) 4500g ( 9.9 1b)
* A -Backfill sample from a coﬁoded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert
Comments:

Field Engineer: lﬁgm—r/ - ‘othSm Boring/Excavation Location:
' ‘ Mo\sT| Sample Depth Sample
Depth ASTM Visual Classification and Description CenT| from to Number Remarks
OS | Daes Sepuoy Sojc = oeyoSe —ymo ST TRmuate | 2941 0.5 .0 |Srel S
O S| AAck i, ClAyey Sepdp W/GRAVeL 991 0.5 Lo |Sire 3§52
O.S| &dokbiee Qraycy spwD w/GRAVEL DRy 30|l eS| lo |sre3y3

0.S| Deanate cz:.o.we,u?j« LA — wetT ecpmuviar.  |1agqylo.S 1o |Sre 3 Sy

Information Checklist - Attachments

BSampling site location and description (geology, topography, etc.) B‘Photographs of site
D’Sampling equipment information/sampling methods []’Maps of project site
BSampling methods Dﬂdequate size soil samples
B Sampling material information ' B Photographs of soil sample sites

—7fl3< ine informatics; a e S e nong, ete)
= ————
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NTL Engineering Statewide Corrosivity Study--Sample Log

& Geoscience NTL Engineering Project Number 00-301

1505 14th St. SW Great Falls, MT 49403-3269

MDT Materials District: A/ (L) ,{}63 County: C)meéon/ Sampling Date:  (san) é ~f -2

Materials Supervisor: J . Jodsm Highway/Milepost: 7% / /7.5 72’ Sampling Date: @nisy _ (o ~/~D2
Station/Offset: _ /p 5.3 #.9¥ ¢  Sample Location: LASE0PE, DRA /1 IAGL

Project Team Members: __ J . J&D‘H‘NS m 5. M1/ 14/ 6 . &Q{ﬂ/c(_ '

Site Description: 7f LERAL. 1N OF Site Sketch
Losare /N7 (20 O WE of R '
M VRAL : , /
DU PRaveCT  ST0P 75-1(4)/2 P03¢0€ %7
TCr. 419 LeeredTy (&) P00 IS g0 €700
Luise. . .
ST Y P S
N L
/f 75./ K \
Sample Locations: _>~/ ~g)pTe/efr (JPStor e Feo ‘ RPI17.87/-
S DRAIM Atee NS I £ LiPE S-3 BaCk]ce
Oveg LrPe. S4 DRaw ace [10aTuRAL
<ore o ET Sihe (RTicce)
M 78 \

- Location, Description, and Reference Number

[ X] Photographs D/- p7 Ser Remares

~

Weather Conditions: 729" fax77y Croddy | IMaps
LT w00 . ' Y

Geology, Physiology, Topography, and Speclal Features/Conditions: TAFD  (pCLCL AL (,/ LLAT (s Kol atb
LS,

‘Culvert Inspection Rep

Roadway Station:___ /053 +2 ¢ Length: - L4’ General Condition: ~ _U@fely &ovD
Culvert Type: CSP Diameter: __ (4" % S'jc™ Photograph Number(s): __ 7 le-q
Approximate Age: /9 S g2 W Coating: GALALTZED Location of Soil Samples: )£ $, npe DRAIMA

P BAckEe

Remarks/Comments: PP HAS Si, (T O8RS o ACROST RotiBn~ 0IOTE"
Pep ekl F-I0' of MATERIAL on Aoz, S7DEKPARSS

‘Sampling Equipment .

D Backhoe Include Details'of ' /7,,_[ 00T EO Ay SHOV @

D Drill Sampling Equipment . '

D Hand Auger and Procedures/Methods

QShovcl of Sumple Collection

m Other (particularly any deviation B o

'm:rl proce B

LN aYal



: - Statewide Corrosivity Study--Sample Log
Page 2
MDT Materials District: ,él Lo (e S County:

| (@7 VN
Materials Supervisor: o Jor e Location: gﬂ# 78 MP } f.%"f/r

—
ey

Sample Photograph

Sampk " # Code* Size Reference For soil samples, enter . Gravel i Sand Silt/Clay
E Soil Samplegf Siret S/ _b_ SB00 Pl |the estimated percent of 5 25 70
[ Soil Sample £/ gSiTEY Sz DN _seoe _P-2 material for each grain s A=l 75
gSoil Sample g ) —l $<3/ R At P-4 size. Collect a minimum =1¢] " 3o 50
IZSoil Sample 2 SITE Y fj; N oo P.5 sample size corresponding .30 . Lo /o
[] Water Sample a DL to the primary constituent . ‘ ) :
D Coupon Sample ’ (ie. gravel—-9000g) . P ’
' ' . Minimum Sample Size  : 9000z (19.81b) | 6500g(14.31b). | 4500g ( 9.9 Ib)
* A -Backfill sample from a corroded culvert C -Native soil sample near a corroded culvert
B -Backfill sample from a non-corroded culvert D -Native soil sample near a non-corroded culvert

Comments: Blg,srre Y S-Q 4AxEN) JOsIne COLVORT

Boring/ExcavationLog © . i o
Field Enginecr: J ,J . Boring/Excavation Location:
~ MO1S | Sample Depth Sample
Depth ASTM Visual Classification and Description Coist] from to Number Remarks
08| parwe Spicown vestore - 167165 | p1s| smey S-1
o4'| Drawaecs MATERIAC |nSioE Covvert men passe most] ¥8.7] o4 | o | S vse
8.5 Racxeie — @CEMQLLI;/ Sare ‘ e 2la¥'| é{fw 5/7?;9‘53
0.5'| panve soi-/ DrRA6GE Samoy <ple (5% 2.5 08! s ¢ Y

_Attachm

Information Chécklist ~ -+~ & : :

I Sampling site location and description (geology, topography, etc.) B‘Photographs of site

Sampling equipment information/sampling methods aMaps of project site
Sampling methods E’Adequate size soil samples
Sampling material information BPhotographs of soil sample sites

Iosing log i eation

; 110‘\:?1' sa: .es { SIS, € u)



Appendix C

Photograph Log
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Appendix D

Test Results Summary
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District/ Soil Classification Atterberg Limits Gradation
Location Unified AASHTO Gl LL PL PI %Gravel  %Sand  %Silt/Clay

DI-S1 Well Graded Gravel with Sand GW A-l-a 0 NP NP NP 74.5 24.0 1.5

DI1-S2 Poorly Graded Gravel with Silt and Sand GP-GM A-l-a 0 NP NP NP 574 355 7.1

D1-S3 Silty Sand SM A-4 0 25 26 NP 7.6 445 479
DI-S 4 Poorly Graded Gravel with Sand GP A-l-a 0 NP NP NP 56.7 413 2.0

DI-S5 Silty Sand with Gravel SM A-2-4 0 33 30 3 18.0 482 33.8
D1-S6 Silty Sand with Gravel SM A-4 0 36 32 4 24.4 30.0 45.6
D1-S7 Silt ML A-4 -5 30 24 6 0.1 10.1 89.8
DI-S8 Poorly Graded Sand with Silt and Gravel SP-SM A-1-b 0 NP NP NP 254 69.0 5.6

D1-S9 Silt ML A-4 0 25 25 NP 29 11.1 86.0
D1-S10 Silty Gravel with Sand GM A-1-b 0 49 47 3 61.6 223 16.1
DI-S11 Sandy Silt ML A-5 -7 42 32 10 85 222 69.3
D1-S12 Sandy Silt ML A-4 0 25 22 4 1.3 44.0 54.7
DI1-S13 Lean Clay CL A-7-6 22 42 21 21 0.2 4.1 95.7
D1-S14 Sandy Silty Clay CL-ML A-4 -1 28 22 6 2.6 41.9 55.5
DI1-S15 Sandy Silt ML A-6 -5 38 27 11 8.0 31.4 60.6
D1-816 Silty Sand SM A-2-4 0 NP NP NP 8.7 56.3 35.0
D2-S1 Sandy Elastic Silt MH A-7-6 -11 50 29 22 12.6 30.3 57.1
D2-S2 Sandy Lean Clay CL A-7-6 -12 41 14 27 1.4 41.4 572
D2-S3 Sandy Lean Clay CL A-7-6 -19 46 16 30 1.9 2738 70.3
D2-S4 Poorly Graded Gravel with Silt and Sand GP-GM A-l-a 0 NP NP NP 53.5 40.6 5.9
D2-S5 Poorly Graded Sand with Silt and Gravel SP-SM A-1-b 0 NP NP NP 219 70.7 74
D2-S6 Silty Sand with Gravel SM A-1-b 0 NP NP NP 273 58.4 14.3
D2-S7 Poorly Graded Sand with Silt and Gravel SP-SM A-1-b 0 NP NP NP 423 46.1 11.6
D2-S 8 Fat Clay with Sand CH A-7-6 -32 58 17 41 2.4 18.9 78.7
D2-S9 Clayey Gravel with Sand GC A-2-6 0 33 16 17 543 28.6 17.1
D2-S10 Lean Clay with Sand CL A-7-6 22 47 15 31 1.0 24.4 74.6
D2-S11 Fat Clay with Sand CH A-7-6 -34 56 17 39 0.3 15.4 843
D2-S12 Clayey Gravel with Sand GC A-2-7 -4 51 17 34 423 25.0 327
D2-S13 Clayey Sand with Gravel SC A-2-6 -1 37 20 17 222 53.7 24.1
D2-S14 Clayey Sand SC A-7-6 -7 41 15 25 82 449 46.9
D2-S15 Clayey Gravel with Sand GC A-2-6 0 26 14 12 44.8 38.6 16.6
D3-S1 Sandy Lean Clay CL A-6 -10 39 20 19 7.9 29.3 62.8
D3-S2 Sandy Lean Clay with Gravel CL A-7-6 -8 43 24 19 18.7 26.7 54.6
D3-S3 Sandy Lean Clay CL A-6 -9 37 17 20 6.2 34.8 59.0
D3-S5 Sandy Lean Clay CL A-6 -5 32 19 13 5.5 352 59.3
D3-S7 Lean Clay CL A-7-6 -25 43 17 27 0.2 93 90.5
D3-S 8 Lean Clay with Sand CL A-6 -17 39 15 24 09 21.0 78.1
D3-S10 Lean Clay CL A-7-6 -29 48 15 33 0.2 12.9 86.9
D3-S11 Lean Clay with Sand CL A-7-6 -18 47 21 26 1.1 26.4 72.5
D4-S1 Poorly Graded Sand SP A-7-6 =27 60 15 45 14.1 85.1 0.8

D4-S2 Fat Clay with Sand CH A-7-6 -28 57 18 40 1.6 257 727
D4-S3 Fat Clay CH A-7-6 -52 70 21 49 0.0 49 95.1
D4-S 4 Fat Clay CH A-7-6 -80 103 21 81 0.5 10.9 88.6
D4-S5 Fat Clay with Gravel CH A-7-6 -51 78 18 60 9.6 9.2 812
D4-S6 Fat Clay with Sand CH A-7-6 -42 71 21 50 0.3 19.8 79.9
D4-S7 Sandy Lean Clay CL A-6 -13 37 15 22 0.5 29.3 70.2
D4-S 8 Lean Clay with Sand CL A-6 -16 36 14 23 0.1 20.5 79.4
D4-S9 Sandy Lean Clay CL A-4 -3 29 21 8 0.0 342 65.8
D4-S10 Well Graded Gravel with Clay and Sand GW-GC A-2-4 0 27 19 9 63.4 293 73

D4-S11 Silty Clay with Sand CL-ML A-4 -3 26 21 S 1.1 18.9 80.0
D4-S12 Clayey Sand with Gravel SC A-2-6 -1 35 15 21 26.8 49.1 24.1
D5-S1 Lean Clay with Sand CL A-6 -14 37 16 21 8.1 17.1 74.8
D5-S2 Fat Clay CH A-7-6 -37 52 16 36 0.4 3.9 95.7
D5-S3 Clayey Gravel with Sand GC A-7-6 -4 41 16 25 352 279 36.9
D5-S 4 Fat Clay CH A-7-6 -35 51 17 35 0.7 52 94.1
D5-S5 Lean Clay with Sand CL A-6 -16 38 15 23 0.0 22.0 78.0
D5-S6 Lean Clay CL A-6 -18 36 15 22 0.0 12.0 88.0
D5-S7 Lean Clay with Sand CL A-6 -14 37 15 21 10.1 13.7 76.2
D5-S 8 Lean Clay CL A-7-6 27 45 17 28 0.0 82 91.8
D5-S9 Clayey Gravel with Sand GC A-7-6 -11 55 21 34 31.1 220 46.9
DS-S10 Sandy Lean Clay CL A-6 -1 35 19 16 0.0 39.2 60.8
DS5-S11 Silty Sand with Gravel SM A-1-b 0 21 20 1 29.3 50.1 20.6
D5-S12 Silty Sand with Gravel SM A-1-b 0 26 23 3 31.6 53.8 14.6
D5-S13 Silty Sand with Gravel SM A-2-6 0 39 28 12 18.4 54.9 26.7
Ds-S14 Silty Sand SM A-5 0 60 56 4 5.5 56.9 37.6
D5-S15 Clayey Gravel with Sand GC A-2-6 -1 32 19 14 359 327 314
D5-S16 Poorly Graded Gravel with Silt and Sand GP-GM A-1-b 0 41 40 1 49.8 392 11.0

Project: Statewide Corrosivity Study Job No.: 00-301
Montana Date: 10/29/01
Soil Property Summary
NTL Engineering and Geoscience Figure 13

Great Falls, Montana
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District/ Soil Classification Atterberg Limits Gradation
Location Unified AASHTO GI LL PL PI Y%Gravel  %Sand  %Silt/Clay
D1-S1 Well Graded Sand with Silt  SW-SM A-1-b 0 NP NP NP 0.0 91.5 85
D1-S2 Silty Sand SM A-2-4 0 NP NP NP 0.0 81.2 18.8
D1-S3 ~ Sandy Silt ML A-4 0 25 26 NP 0.0 43.1 56.9
DI1-S4 Well Graded Sand with Silt  SW-SM A-1-b 0 NP NP NP 0.0 93.8 6.2
D1-S5 Silty Sand SM A-4 0 33 30 3 0.0 50.6 49.4
DI1-S6 Sandy Silt ML A-4 -3 36 32 4 0.0 31.7 68.3
D1-S7 Silt ML A-4 -5 30 24 6 0.0 9.8 90.2
D1-S 8 Poorly Graded Sand with Silt SP-SM A-2-4 0 NP NP NP 0.0 89.9 10.1
DI1-S9 Silt ML A-4 0 25 25 NP 0.0 9.1 90.9
D1-S10 Sandy Silt ML A-5 -3 49 47 3 0.0 40.3 59.7
D1-S11 Silt with Sand ML A-§ -9 42 32 10 0.0 20.8 79.2
D1-S12 ~ Sandy Silt ML A-4 0 25 22 4 0.0 44.1 55.9
D1-S13 Lean Clay CL A-7-6 <22 42 21 21 0.0 39 96.1
D1-S14 Sandy Silty Clay CL-ML A-4 -2 28 22 6 0.0 41.5 58.5
D1-S15 Silt with Sand ML A-6 -7 38 27 11 0.0 28.7 71.3
D1-S16 Silty Sand SM A-2-4 0 NP NP NP 0.0 65.6 344
D2-S1 Sandy Elastic Silt MH A-7-6 -15 50 29 22 0.0 30.9 69.1
D2-S2 Sandy Lean Clay CL A-7-6 -12 41 14 27 0.0 41.0 59.0
D2-S3 Lean Clay with Sand CL A-7-6 -20 46 16 30 0.0 27.6 72.4
D2-S 4 Silty Sand SM A-2-4 0 NP NP NP 0.0 84.4 15.6
D2-S5 Well Graded Sand with Silt SW-SM A-2-4 0 NP NP NP 0.0 88.6 11.4
D2-S 6 Silty Sand SM A-2-4 0 NP NP NP 0.0 77.5 225
D2-S7 Silty Sand SM A-2-4 0 NP NP NP 0.0 76.7 233
D2-S 8 Fat Clay with Sand CH A-7-6 -34 58 17 41 0.0 18.3 81.7
D2-S9 Clayey Sand SC A-6 -4 33 16 17 0.0 53.2 46.8
D2-S10 Lean Clay with Sand CL A-7-6 -22 47 15 31 0.0 239 76.1
D2-S11 Fat Clay with Sand CH A-7-6 -34 56 17 39 0.0 15.2 84.8
D2-S12 Sandy Fat Clay CH A-7-6 -19 51 17 34 0.0 373 62.7
D2-S13 Clayey Sand SC A-6 -2 37 20 17 0.0 62.7 37.3
D2-S14 Sandy Lean Clay CL A-7-6 -10 41 15 25 0.0 454 54.6
D2-S15 Clayey Sand SC A-6 -1 26 14 12 0.0 61.7 383
D3-S 1 Lean Clay with Sand CL A-6 -14 39 20 19 0.0 21.9 78.1
D3-S2 Lean Clay with Sand CL A-7-6 -15 43 24 19 0.0 21.8 782
D3-S3 Sandy Lean Clay CL A-6 -11 37 17 20 0.0 323 67.7
D3-S5 Sandy Lean Clay CL A-6 -7 32 19 13 0.0 309 69.1
D3-S 7 Lean Clay CL A-7-6 -25 43 17 27 0.0 8.9 91.1
D3-S 8 Lean Clay with Sand CL A-6 -18 39 15 24 0.0 20.7 79.3
D3-S10 Lean Clay CL A-7-6 -30 48 15 33 0.0 10.3 89.7
D3-S11 Lean Clay with Sand CL A-7-6 -19 47 21 26 0.0 25.2 74.8
D4-S 1 Clayey Sand SC A-7-6 -8 60 15 45 0.0 63.5 36.5
D4-S2 Fat Clay with Sand CH A-7-6 -29 57 18 40 0.0 255 74.5
D4-S3 Fat Clay CH A-7-6 -52 70 21 49 0.0 4.8 95.2
D4-S 4 Fat Clay CH A-7-6 -83 103 21 81 0.0 8.9 91.1
D4-S5 Fat Clay CH A-7-6 -60 78 18 60 0.0 8.7 91.3
D4-S 6 Fat Clay with Sand CH A-7-6 -43 71 21 50 0.0 18.5 81.5
D4-S 7 Lean Clay with Sand CL A-6 -14 37 15 22 0.0 26.6 73.4
D4-S 8 Lean Clay with Sand CL A-6 -16 36 14 23 0.0 20.5 79.5
D4-S9 Sandy Lean Clay CL A-4 -3 29 21 8 0.0 34.1 65.9
D4-S10 Clayey Sand SC A-2-4 0 27 19 9 0.0 74.8 252
D4-S11 Silty Clay with Sand CL-ML A-4 -3 26 21 5 0.0 18.8 81.2
D4-S12 Clayey Sand SC A-6 -3 35 15 21 0.0 62.1 379
D5-S 1 Lean Clay with Sand CL A-6 -17 37 16 21 0.0 15.5 845
D5-S2 Fat Clay CH A-7-6 -37 52 16 36 0.0 35 96.5
D5-S3 Sandy Lean Clay CL A-7-6 -15 41 16 25 0.0 30.0 70.0
D5-S 4 Fat Clay CH A-7-6 -36 51 17 35 0.0 4.6 95.4
D5-S5S Lean Clay with Sand CL A-6 -16 38 15 23 0.0 22.0 78.0
D5-S 6 Lean Clay CL A-6 -18 36 15 22 0.0 11.4 88.6
D5-S7 Lean Clay CL A-6 -17 37 15 21 0.0 143 85.7
D5-S 8 Lean Clay CL A-7-6 =27 45 17 28 0.0 8.1 91.9
D5-S9 Sandy Fat Clay CH A-7-6 -23 55 21 34 0.0 30.4 69.6
D5-S10 Sandy Lean Clay CL A-6 -8 35 19 16 0.0 36.6 63.4
DS-S11 Silty Sand SM A-2-4 0 21 20 1 0.0 68.0 320
D5-S12 Silty Sand SM A-2-4 0 26 23 3 0.0 71.3 22.7
D5-S13 Silty Sand SM A-6 -1 39 28 12 0.0 64.1 359
D5-S14 Silty Sand SM A-5 0 60 56 4 0.0 58.7 413
DS-S15 Sandy Lean Clay CL A-6 -5 32 19 14 0.0 45.6 54.4
D5-S16 Silty Sand SM A-2-5 0 41 40 1 0.0 74.4 25.6
Project: Statewide Corrosivity Study Job No.: 00-301
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District/ Soil Classification Atterberg Limits Gradation
Location Unified AASHTO GI LL PL PI %Gravel  %Sand  %Silt/Clay
CS-EC, 1 Lean Clay with Sand CL A-7-6 1) 44 19 25 0.0 16.3 83.7
CS-EC, 2 Lean Clay with Sand CL A-7-6 1) 44 19 25 0.0 17.6 824
CS-EC, 3 Elastic Silt with Sand ~ MH A-§ (17) 98 98 0 0.0 17.3 82.7
CS-EC, 4 Lean Clay CL A-6 (19) 40 18 22 0.0 13.5 86.5
CS-EC, 5 Lean Clay CL A-6 (16) 36 17 19 0.0 11.8 88.2
CS-EC, 6 Lean Clay CL A-7-6 29 44 16 29 0.0 2.8 97.2
CS-EC, 7 Lean Clay CL A-7-6 32) 46 15 31 0.0 24 97.6
CS-EC, 8 Lean Clay CL A-7-6 (29) 44 15 29 0.0 3.6 96.4
CS-EC, 9 Lean Clay CL A-6 (13) 35 19 16 0.0 13.4 86.6
CS-EC,10 Lean Clay CL A-6 (23) 40 15 26 0.0 9.7 90.3
CS-EC,11 Lean Clay CL A-7-6 29) 44 15 29 0.0 42 95.8
CS-EC,12 Lean Clay CL A-7-6 (28) 43 15 28 0.0 2.1 97.9
CS-WC, 1 Elastic Silt with Sand ~ MH A-7-5 (16) 53 32 21 0.0 289 71.1
CS-WC, 2 Elastic Silt MH A-7-5 a17) 53 37 17 0.0 18.0 82.0
CS-WC, 3 Lean Clay CL A-7-6 (26) 43 14 29 0.0 9.9 90.1
CS-WC, 4 Lean Clay CL A-6 (18) 37 15 22 0.0 13.4 86.6
CS-WC, 5 Lean Clay with Sand CL A-7-6 27 47 15 32 0.0 15.6 84.4
CS-WC, 6 Lean Clay CL A-6 (22) 38 14 23 0.0 53 94.7
CS-WC, 7 Lean Clay CL A-6 22) 38 15 23 0.0 43 95.7
CS-WC, 8 Lean Clay CL A-7-6 25) 44 15 29 0.0 133 86.7
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Sample Testing pH Marble pH Conductivity Resistivity Sulfate Chloride
Number Date paste 1:2 paste 1:2 Paste 1:1 1:2 Paste 1:1 1:2
mmhos/cm (mmbhos/cm) ‘mmhos/cm) (ohm-cm) (nhm-cm! (ohm-cm) (%) (%)
D1-S1 05/24/00 7.1 78 73 7.6 0.091 0.108 0.058 10989 9259 17241 Trace Trace
D1-82 05/24/00 6.4 6.8 6.9 7.0 0.088 0.090 0.044 11363 11111 22727 Trace Trace
DI1-83 05/24/00 6.5 6.6 7.0 7.0 0.160 0.134 0.069 6250 7462 14492 Trace Trace
D1-S4 05/24/00 7.1 73 7.1 7.4 0.086 0.077 0.038 11627 12987 26315 Trace Trace
D1-S5 05/24/00 6.2 6.4 6.7 6.9 0.109 0.099 0.053 9174 10101 18867 Trace Trace
D1-S6 06/01/00 6.7 72 638 7.0 0.191 0.116 0.053 5236 8626 18868 Trace Trace
D1-S7 06/01/00 7.7 78 7.6 717 0.210 0.140 0.081 4762 7143 12346 Trace Trace
D1-S8 06/01/00 1.7 79 7.6 7.7 0.068 0.063 0.026 14706 15873 38462 Trace Trace
D1-S9 06/01/00 7.7 79 7.6 74 0.174 0.168 0.083 5747 5952 12048 Trace Trace
D1-S10 06/01/00 79 8.0 7.8 717 0217 0.236 0.123 4608 4237 8130 Trace Trace
DI1-S11 06/06/00 74 7.6 72 73 0.265 0.263 0.176 3773 3802 5682 Trace Trace
D1-S12 06/06/00 8.1 83 79 8.2 0.186 0.158 0.138 5376 6329 7246 Trace Trace
Di1-S13 06/06/00 8.0 8.4 79 8.2 0.250 0.207 0.142 4000 4831 7042 Trace Trace
D1-S14 06/06/00 717 82 15 78 0.219 0.171 0.136 4566 5848 7353 Trace Trace
DI-S15 06/06/00 7.1 72 7.1 73 0.139 0.122 0.091 7194 8197 10989 Trace Trace
D1-S16 06/07/00 7.8 8.0 76 7.8 0.147 0.263 0.228 6802 3802 4385 Trace Trace
D2-S1 07/12/00 9.0 9.4 88 93 1.506 1.224 1.017 664 817 983 0.105 0.011
D2-S2 07/12/00 8.0 83 79 83 0.647 0.579 0.470 1546 1727 2127 0.052 0.004
D2-S3 07/20/00 8.0 8.4 8.0 83 0.589 0.478 0.391 1678 2092 2557 0.088 0.01
D2-S4 07/20/00 8.1 85 8.0 8.2 0.105 0.079 0.125 9524 12658 8000 Trace Trace
D2-S5 07/20/00 82 85 75 78 0.085 0.070 0.113 11765 14286 8850 Trace Trace
D2-S6 07/20/00 8.0 84 79 79 0.166 0.113 0.133 6024 8850 7519 Trace Trace
D2-S7 07/20/00 8.4 88 8.4 84 0.094 0.072 0.101 10638 13888 9901 Trace Trace
D2-S8 07/24/00 8.7 95 8.7 93 1.155 1.126 0.803 866 888 1245 0.033 0.014
D2-S9 07/24/00 82 9.1 83 9.0 0.266 0.212 0.175 3759 4716 5714 0.018 Trace
D2-S10 07/24/00 8.1 8.7 8.1 8.7 1.148 1.014 0.647 871 986 1546 0.051 0.007
D2-Si1 07/24/00 93 9.7 9.3 9.6 5.034 4.446 3.432 199 225 291 0.537 0.025
D2-S12 07/24/00 7.6 8.1 75 8.0 0.658 0.635 0.464 1519 1575 2155 0.04 Trace
D2-S13 07/28/00 7.5 78 76 78 0.350 0.196 0.234 2857 5102 4274 Trace Trace
D2-S14 07/28/00 7.4 8.1 74 8.0 0.900 0.612 0.495 1111 1634 2020 0.062 Trace
D2-815 07/28/00 8.0 85 8.0 84 0.239 0.155 0.181 4184 6452 5525 Trace Trace
D3-S1 08/15/00 38 39 42 5.8 0.617 0.480 0.340 1621 2083 2941 0.2 Trace
D3-S2 08/15/00 33 34 6.4 59 0.904 0.790 0.716 1106 1266 1397 0.53 Trace
D3-S3 08/15/00 33 34 49 5.7 0.938 0.828 0.679 1066 1208 1473 0.53 Trace
D3-85 08/15/00 44 45 6.0 6.1 0.254 0.203 0.149 3937 4926 6711 0.06 Trace
D3-S7 08/15/00 8.0 8.4 8.0 82 3.840 3.710 2.640 260 270 379 0.011 Trace
D3-S8 08/21/00 83 8.6 8.1 8.4 6.414 6.228 4.542 156 160 220 0.0171 Trace
D3-S10 08/21/00 79 83 79 8.2 0.555 0.504 0.392 1801 1984 2551 0.045 Trace
D3-S11 08/21/00 7.5 7.9 7.6 1.7 0.289 0.251 0.190 3460 3984 5263 0.01 Trace
D4-S1 06/07/00 7.8 8.0 77 19 2.622 4.122 3.762 381 243 266 1.34 0.002
D4-S2 06/07/00 7.7 7.9 7.6 7.8 3.060 4.710 4.362 327 212 229 13 0.001
D4-S3 06/07/00 8.0 8.4 78 8.1 0.516 0.934 0.884 1949 1070 1131 0.03 0.0015
D4-S4 06/07/00 9.1 9.1 8.9 89 1.584 4.068 2.664 631 246 375 0.214 0.018
D4-Ss 07/06/00 79 8.1 78 79 2.510 2.380 2.250 398 420 444 1.01 Trace
D4-S6 07/06/00 53 5.5 6.4 6.6 1.990 1.740 1.280 503 575 781 0.44 Trace
D4-S7 07/06/00 7.8 8.0 7.8 8.0 1.390 1.330 1.050 719 752 952 023 Trace
D4-S8 07/06/00 8.0 88 8.0 8.5 0.300 0.270 0.161 3333 3704 6211 0.01 Trace
D4-S9 07/06/00 8.9 99 8.7 9.5 1.390 1.060 0.830 719 943 1205 0.06 Trace
D4-S10 07/12/00 9.0 10.0 8.7 9.6 0.648 0.439 0.436 1543 2278 2294 0.053 0.003
D4-S11 07/12/00 84 10.0 8.7 85 0.242 0.197 0.148 4132 5076 6756 0.019 0.003
D4-S12 07/12/00 8.6 9.7 83 9.1 1.018 0.876 0.680 982 1141 1471 0.071 0.003
D5-S1 07/28/00 6.9 79 6.9 7.6 0.587 0.376 0.286 1703 2660 3497 Trace Trace
D5-S2 08/01/00 7.7 82 7.7 79 0.412 0.422 0.254 2427 2370 3937 0.014 0.009
D5-S3 08/01/00 7.8 8.0 7.6 79 0.765 0.642 0.544 1307 1558 1838 0.101 0.007
D5-S4 08/01/00 7.8 717 117 79 0.359 0.384 0.247 2786 2604 4048 0.012 0.014
D5-S5 08/01/00 8.4 8.7 83 85 4.848 5.148 4.254 206 194 235 1.163 0.014
D5-S6 08/01/00 85 88 85 8.7 7.992 7.734 6.612 125 129 151 1.858 0.029
D5-S7 08/08/00 1.7 83 716 8.1 0.432 0.335 0.235 2315 2985 4255 Trace Trace
D5-S8 08/08/00 85 87 85 8.7 10.820 10.610 8.510 92 94 118 278 Trace
D5-S9 08/08/00 73 78 72 14 1.314 1.190 0.895 761 840 1118 0.188 Trace
D5-S10 08/08/00 78 8.2 78 79 0.281 0.198 0.173 3559 5051 5780 Trace Trace
D5-S11 08/08/00 78 83 79 79 0.247 0.177 0.176 4049 5649 5682 Trace Trace
D5-S12 08/14/00 74 8.1 73 7.6 0513 0.305 0354 1949 3278 2825 Trace Trace
Ds5-S13 08/14/00 73 77 73 72 0313 0.193 0.157 3194 5181 6369 Trace Trace
Ds-S14 08/14/00 72 73 73 73 0.186 0.195 0.142 5376 5128 7042 Trace Trace
D5-S1s 08/14/00 75 8.0 7.6 1.1 0.201 0.141 0.097 4975 7092 10309 Trace Trace
D5-S16 08/14/00 74 7.5 73 7.0 0.278 0.187 0.172 3597 5347 5814 Trace Trace
CS-W1 11/21/00 9.1 95 9.1 9.5 29.040 28.860 33.060 34 35 30 7.98 Trace
CS-w3 11/21/00 8.2 8.6 79 84 7.686 7.032 4.830 130 142 207 1.76 Trace
CS-w4 11/21/00 74 76 75 1.1 0.965 0.916 0.658 1036 1092 1520 0.26 Trace
CS-Ws 11/21/00 7.7 8.0 78 0.0 2.688 2.652 2.046 372 377 489 0.72 Trace
CS-wé 11/21/00 1.7 79 78 79 1.578 1.674 1.524 634 597 656 0.53 Trace
CS-W7 11/28/00 8.0 8.1 8.0 8.1 4.170 4.010 3.190 240 249 313 0.86 Trace
CS-w8 11/28/00 8.1 8.4 8.1 8.4 4.510 4.290 2.810 222 233 356 0.098 Trace
CS-El 11/28/00 78 0.0 8.0 8.1 14.220 14.580 11.760 70 69 85 5.12 Trace
CS-E2 11/28/00 8.8 9.0 8.6 8.9 12.360 12.300 8.400 81 81 119 38 Trace
CS-E4 11/28/00 75 8.0 7.4 7.6 0.360 0.390 0.240 2777 2564 4167 0.02 Trace
CS-ES 12/01/00 7.8 8.1 77 79 0.337 0.295 0.204 2967 3390 4902 0.05 Trace
CS-E6 12/01/00 79 83 78 82 0.348 0358 0216 2874 2793 4630 0.06 Trace
CS-E7 12/01/00 11 7.9 7.6 17 1.650 1.668 1.476 606 600 678 0.54 Trace
CS-E8 12/01/00 82 83 8.0 8.2 2.304 2.286 1.752 434 437 571 0.65 Trace
CS-E9 12/01/00 7.4 7.7 72 75 0915 0.867 0.678 1093 1153 1475 0.15 Trace
CS-E10 12/05/00 8.0 83 8.0 82 0.703 0.653 0.408 1423 1531 2451 Trace Trace
CS-Ell 12/05/00 84 8.6 84 85 3.996 3.954 2,994 250 252 334 0.9 Trace
CS-El2 12/05/00 78 8.1 78 8.0 2.940 2.676 2.046 340 374 489 0.54 Trace
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NTL As-Recieved Resistivity Testing AASHTO T288 Min. Resistivity Testing AASHTO T288 Testing w/On-site Water
Sample Resistivity Moisture ~ Wet Density Dry Density | Min. Resistivity  Moisture Content Resistivity @ field MC | Water Resistivity ~ Mini Resistivity
Number (ohm-cm)  Content (%) (pch) (peh) (ohm-cm) (%) (ohm-cm) (ohm-cm) (ohm-cm)

DI-S1 512000 48 110.7 105.7 9400 35.0 33343

D1-S2 250000 15.8 114.8 99.2 9720 30.0 13380 10250

D1-S3 75000 238 125.8 101.6 4300 25.0 4445

D1-84 98500 119 128.6 114.9 12200 30.0 19461

D1-S5 190000 214 131.4 108.2 8800 250 10038 5300

D1-S6 59500 16.3 79.6 68.4 5400 30.0 16182 4650

D1-87 99000 46.7 98.6 67.2 3200 30.0 3433

D1-S8 11000000 4.6 104.1 99.5 11500 40.0 34138

D1-89 34000 255 1324 105.5 4900 25.0 4905
DI1-S10 69000 13.8 123.4 108.4 3280 75.0 30500
Di1-S11 16000 452 109.7 75.6 2450 40.0 2552
D1-S12 21000 35.1 124.6 922 3000 25.0 3143 2150 2150
D1-813 20000 38.0 1233 89.3 1880 25.0 2104 1850
D1-S14 48500 222 116.1 95.0 3900 25.0 4179
DI-S15 42000 293 128.7 99.5 3900 25.0 4055 3700
D1-S16 27000 357 120.2 88.6 3680 50.0 3850

D2-S1 585 2838 109.3 849 425 52.0 555 2080 418

D2-S2 1085 412 113.2 80.2 725 24.0 794 2080 712

D2-S3 870 39.2 112.0 80.4 828 31.0 896 2080 755

D2-S4 66000 243 113.1 91.1 3780 38.0 3973 2080 2080

D2-S5 21500 6.3 113.2 106.5 4350 31.0 10484

D2-S6 7250 72 116.5 108.7 2900 24.0 5244

D2-S7 9000 53 124.1 117.9 4880 17.0 6675

D2-S8 450 308 121.9 932 395 24.0 405 945 368

D2-S9 3000 8.9 126.2 1159 1780 17.0 2409 945 945
D2-S10 750 20.7 126.1 104.4 525 17.0 525 945 455
D2-S11 190 24.6 127.5 102.4 130 38.0 132 945 130
D2-S12 950 24.4 115.2 92.6 838 24.0 839
D2-S13 2900 14.4 1309 114.4 1720 24.0 2456
D2-S14 870 34.1 118.5 88.4 822 31.0 825
D2-S15 6950 4.6 118.5 113.3 2450 10.0 2411

D3-S1 1580 18.1 132.6 112.2 882 101.0 1388 315 315

D3-S2 1045 18.9 128.2 107.8 585 115.0 1035 315 315

D3-S3 915 1.2 126.8 113.9 620 73.0 1983 315 315

D3-S5 3200 29.7 126.7 97.6 2300 24.0 2300

D3-87 228 24.1 125.4 101.0 168 66.0 208 315 315

D3-S8 120 273 121.3 95.3 98 66.0 113
D3-S10 915 17.5 131.6 112.0 815 38.0 901
D3-S11 1300 29.9 116.4 89.6 1200 24.0 1200

D4-S1 1500 22.1 1133 92.8 300 85.0 438

D4-S2 5350 11.6 973 87.2 245 55.0 486

D4-S3 570 276 123.3 96.6 582 20.0 627

D4-S4 6450 133 180.1 158.9 250 30.0 1440

D4-S5 330 28.2 122.1 952 300 55.0 341

D4-S6 1800 224 97.9 80.0 385 40.0 464

D4-S7 2020 152 1123 97.5 538 40.0 956

D4-S8 1620 18.1 128.2 108.6 1320 15.0 1332

D4-S9 1250 123 107.6 95.8 420 30.0 816
D4-S10 1032 11.6 131.9 118.1 895 250 1414 310 310
D4-S11 13000 6.7 942 883 2050 15.0 4182 310 310
D4-S12 36500 4.7 101.6 97.1 525 30.0 1254 310 310

D5-S1 4020000 29 90.3 87.8 1200 240 4248

D5-S2 5150 132 98.8 87.3 805 24.0 1668

D5-S3 1250 13.2 128.8 113.8 878 38.0 1777

D5-S4 1580 18.7 118.1 99.5 895 24.0 1049

D5-S5 140 314 120.9 92.0 135 52.0 152 290 115

Ds-S6 91 29.2 1229 95.1 85.5 52.0 95 290 825

D5-S7 2550 10.4 110.9 100.4 1220 17.0 2521 290 290

D5-S8 74 432 111.4 778 68.8 59.0 74 290 64.8

D5-S9 600 30.0 118.2 90.9 550 59.0 668 552
D5-S10 5250 8.4 109.1 100.7 2150 17.0 3172 1680
D5-S11 33000 29 106.8 103.7 2950 17.0 4256 1850
D5-S12 1220 259 1213 96.4 1450 24.0 1450 1090
D5-S13 4600 16.1 113.4 97.7 2550 31.0 5241
D5-S14 2700 52.6 101.9 66.8 2650 52.0 2650
D5-S15 4800 10.0 125.0 113.6 2950 17.0 4794
D5-S16 4150 12.2 116.9 104.2 3000 38.0 8309
CS-W1 1700 299 30 70.0 79
CS-w2 1900 345 32 95.0 116
CS-w3 130 319 100 38.0 104
CS-w4 850 8.2 900 350 4864
CS-Ws 2450 12.4 275 70.0 1601
CS-W6 7000 7.9 425 65.0 3448
CS-W7 1400 111 170 50.0 742
CS-ws 1050 12.8 165 45.0 677

CS-El 97 258 51 66.0 78

CS-E2 128 246 63 59.0 84

CS-E3 150000 326 29 122.0 743

CS-E4 1200 26.8 1500 24.0 1500

CS-E5 1300 21.2 1500 17.0 1500

CS-E6 12500 88 1200 24.0 3676

CS-E7 5900 10.1 410 66.0 2228

CS-E8 3100 11.0 310 73.0 2014

CS-E9 725 369 650 45.0 706
CS-E10 1060 214 740 24.0 805
CS-Ell 290 18.6 225 45.0 304
CS-E12 710 16.8 158 66.0 238
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Testing Conducted by the Montana Department of Transportation Materials Laboratory

Sample pH Conductivity Resistivity Sulfate Chloride
Number paste 1:2 Paste 1:1 1:2 Paste 1:1 1:2

(mmbhos/cm) (mmbhos/cm) (mmbhos/cm) (ohm-cm) (ohm-cm) (ohm-cm) (%) (%)
D1-S3 6.5 6.6 0.16 0.13 0.07 6250.0 7462.7 14492.8 | Trace Trace
D1-S5 6.2 6.4 0.11 0.10 0.05 9174.3 10101.0 18867.9 Trace Trace
D1-S9 7.7 7.9 0.17 0.17 0.08 5747.1 5952.4 12048.2 Trace Trace
D1-S11 7.4 7.6 0.27 0.26 0.18 3773.6 3802.3 5681.8 Trace Trace
DI1-S13 8.0 8.4 0.25 0.21 0.14 4000.0 4830.9 7042.3 Trace Trace
D1-S15 7.1 7.2 0.14 0.12 0.09 7194.2 8196.7 10989.0 Trace Trace
D2-S1 9.0 9.4 1.51 1.22 1.02 664.0 817.0 983.3 0.11 0.01
D2-S6 8.0 8.4 0.17 0.11 0.13 6024.1 8849.6 7518.8 Trace Trace
D2-S8 8.7 9.5 1.16 1.13 0.80 865.8 888.1 1245.3 0.033 0.014
D2-S12 7.6 8.1 0.66 0.64 0.46 1519.8 1574.8 2155.2 0.04 Trace
D3-S2 33 3.4 0.90 0.79 0.72 1106.2 1265.8 1396.6 0.53 Trace
D3-S8 8.3 8.6 6.41 6.23 4.54 155.9 160.6 220.2 0.0171 Trace
D3-S10 7.9 83 0.56 0.50 0.39 1801.8 1984.1 2551.0 0.045  Trace
D4-S1 7.8 8.0 2.62 4.12 3.76 381.4 242.6 265.8 1.34 0.002
D4-S3 8.0 8.4 0.52 0.93 0.88 1938.0 1070.7 1131.2 0.03 0.0015
D4-S12 8.6 9.7 1.02 0.88 0.68 982.3 1141.6 1470.6 0.071 0.003
Ds-S1 6.9 7.9 0.59 0.38 0.29 1703.6 2659.6 3496.5 Trace Trace
D5-S7 7.7 8.3 0.43 0.34 0.24 2314.8 2985.1 4255.3 Trace Trace
D5-S10 7.8 8.2 0.28 0.20 0.17 3558.7 5050.5 5780.3 Trace  Trace
D5-S13 7.3 7.7 0.31 0.19 0.16 3194.9 5181.3 6369.4 Trace Trace

Quality Control Testing Conducted by the Montana State University Soil Testing Laboratory

Sample pH Conductivity Resistivity Sulfate Chloride
Number paste 1:2 Paste 1:1 1:2 Paste 1:1 1:2

(mmhos/cm) (mmbhos/cm) (mmhos/cm) (ohm-cm) (ohm-cm) (ohm-cm) (ppm) (ppm)
D1-S3 6.4 0.59 0.23 1694.9 4347.8 34 10.3
D1-S5 0.10 10000.0
D1-S9 8.5 0.25 4000.0
D1-S11 7.1 7.5 1.36 0.36 735.3 2777.8 25 127.4
D1-S13 0.33 0.18 3030.3 5555.6
D1-S15 0.23 0.10 4347.8 10000.0
D2-S1 8.6 4.59 2.26 217.9 442.5 672 604.7
D2-S6 8.7 1.06 0.19 943.4 5263.2
D2-S8 1.03 0.63 970.9 1587.3 116 12.4
D2-S12 8.1 0.95 0.47 1052.6 2127.7
D3-S2 3.88 2.00 257.7 500.0
D3-S8 7.04 4.20 142.0 238.1 8401 68.6
D3-S10 7.8 1.13 0.82 885.0 1219.5 149 19.7
D4-S1 7.7 6.77 4.25 147.7 235.3 5439 79.6
D4-S3 7.8 0.64 0.83 0.30 1562.5 1204.8 3333.3 1887 6.1
D4-S12 9.7 0.94 1063.8
D5-S1 1.21 0.25 826.4 4000.0 127 9.1
Ds5-S7 8.2 0.47 0.16 2127.7 6250.0 77 14.6
D5-S10 7.6 0.63 0.10 1587.3 10000.0
D5-S13 73 0.37 0.14 2702.7 7142.9
Project: Statewide Corrosivity Study Job No.: 00-301

Montana Date: 02/22/01
- Quality Control Testing Results
NTL Engineering and Geoscience Figure 18
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Testing Conducted by the Montana Department of Transportation Materials Laboratory

Sample pH Conductivity Resistivity Sulfate  Chloride
Number paste 1:2 Paste i:1 1:2 Paste 1:1 1:2
(mmbhos/cm) (mmhos/cm) (mmhos/cm) (ohm-cm) (ohm-cm) (ohm-cm) (%) (%)
D1-S3 6.5 6.6 0.16 0.13 0.07 6250.0 7462.7 14492.8 Trace Trace
D1-S5 6.2 6.4 0.11 0.10 0.05 91743 10101.0  18867.9 Trace Trace
D1-S11 7.4 7.6 0.27 0.26 0.18 3773.6 3802.3 5681.8 Trace Trace
D1-S15 7.1 7.2 0.14 0.12 0.09 7194.2 8196.7 10989.0 Trace Trace
D2-S6 8.0 8.4 0.17 0.11 0.13 6024.1 8849.6 7518.8 Trace Trace
D2-S12 7.6 8.1 0.66 0.64 0.46 1519.8 1574.8 2155.2 0.04 Trace
D3-S2 33 34 0.90 0.79 0.72 1106.2 1265.8 1396.6 0.53 Trace
D4-S3 8.0 8.4 0.52 0.93 0.88 1938.0 1070.7 1131.2 0.03 0.00
D4-S12 8.6 9.7 1.02 0.88 0.68 982.3 1141.6 1470.6 0.07 0.00
D5-S7 7.7 83 0.43 0.34 0.24 2314.8 2985.1 42553 Trace Trace
D5-S10 7.8 8.2 0.28 0.20 0.17 3558.7 5050.5 5780.3 Trace Trace
D5-S13 7.3 7.7 0.31 0.19 0.16 3194.9 5181.3 6369.4 Trace Trace
DuplicateTesting Conducted by the Montana Department of Transportation Materials Laboratory

D1-S3 6.5 6.7 0.133 0.103 0.082 7,519 9,709 12,195] Trace Trace
D1-S5 6.4 6.5 0.066 0.071 0.066 15,152 14,085 15,152 Trace Trace
DI1-S11 7.2 7.3 0.33 0.3 0.21 3,030 3,333 4,762 Trace Trace
D1-S15 6.9 7.1 0.16 0.14 0.09 6,250 7,143 11,111 Trace Trace
D2-S6 7.9 8.3 0.18 0.13 0.13 5,555 7,692 7,692 Trace Trace
D2-S12 7.6 8 0.67 0.63 0.44 1,493 1,587 2,273 0.04 Trace
D3-S2 33 34 0.89 0.89 0.88 1,123 1,123 1,136 0.42 Trace
D4-S3 7.9 8.1 0.54 0.56 0.2 1,852 1,786 5,000 Trace Trace
D4-S12 8.4 9.2 1.03 0.87 0.73 971 1,149 1,370 0.07 Trace
D5-S7 7.7 8.1 0.4 0.32 0.24 2,500 3,125 4,166| Trace Trace
D5-S10 7.9 8 0.23 0.18 0.16 4,378 5,555 6,250 Trace Trace
D5-S13 7.2 7.5 0.23 0.2 0.17 4,378 5,000 5,882 Trace Trace

Testing Conducted by the Montana State University Soil Testing Laboratory

Sample pH Conductivity Resistivity Sulfate  Chloride
Number paste 1:2 Paste 1:1 1:2 Paste 1:1 1:2

(mmhos/cm) (mmhos/cm) (mmhos/cm) (ohm-cm) (ohm-cm) (ohm-cm) (ppm) (ppm)
D1-S3 6.4 0.59 0.23 1694.9 4347.8 34 10.3
D1-S5 0.10 10000.0
D1-S11 7.1 7.5 1.36 0.36 735.3 2777.8 25 127.4
DI1-S15 0.23 0.10 4347.8 10000.0
D2-S6 8.7 1.06 0.19 943.4 5263.2
D2-S12 8.1 0.95 0.47 1052.6 2127.7
D3-S2 3.88 2.00 2577 500.0
D4-S3 7.8 0.64 0.83 0.30 1562.5 1204.8 33333 1887 6.1
D4-S12 9.7 0.94 1063.8
D5-S7 8.2 0.47 0.16 21277 6250.0 77 14.6
D5-S10 7.6 0.63 0.10 1587.3 10000.0
Ds-S13 7.3 0.37 0.14 2702.7 71429

DuplicateTesting Conducted by the Montana Department of Transportation Materials Laboratory
DI1-S3 6.3 0.66 0.22 1515.2 45455
D1-S5 6.5 0.08 12500.0
D1-S11 7.2 1.63 0.43 613.5 2325.6
D1-S15 72 0.25 0.13 4000.0 7692.3
D2-S6 8.4 1.17 0.18 854.7 5555.6
D2-S12 8.2 1.03 0.59 970.9 1694.9
D3-S2 1.4 4.14 1.88 241.5 531.9
D4-S3 8.2 1.14 0.49 877.2 2040.8
D4-S12 9.8 0.53 1886.8
D5-S7 8.4 0.47 0.23 2127.7 4347.8
D5-S10 8.1 0.75 0.13 13333 7692.3
D5-S13 7.3 0.39 0.22 2564.1 4545.5
Project: Statewide Corrosivity Study Job No.: 00-301
Montana Date: 02/22/01
Duplicate Testing Results

NTL Engineering and Geoscience Figure 19
Great Falls, Montana

132




Appendix E

Supplementary Analysis Data

133



Great Falls, Montana

Laboratory Testing Culvert Information AASHTO T288 MDT
Sample | AASHTO 1:2 Estimated Percent Estimated Percent |Recommendations
Number | Resistivity pH Resistivity |Condition _ Age Coating Recommendation Life Life Used Recommendation Life Life Used Comparison
DI1-S1 9400 7.1 17241 fair 20 asphalt galvanized 65 31 galvanized 73 28 same
DI-S2 9720 6.4 22727 fair 20 asphalt galvanized 50 40 galvanized 60 33 same
D1-S3 4300 6.5 14492 good 15 blakclad galvanized 41 36 galvanized 56 27 same
D1-S4 12200 7.1 26315 good 20 Bituminous galvanized 68 29 galvanized 78 26 same
D1-S5 8800 6.2 18867 good 20 galvanized galvanized 46 43 galvanized 55 36 same
D1-S6 5400 6.7 18868 good 25 galvanized galvanized 47 53 galvanized 62 40 same
D1-87 3200 77 12345.7 fair 20 galvanized galvanized 80 25 galvanized 140 14 same
D1-S8 11500 117 38462 fair 30 galvanized galvanized 136 22 galvanized 223 13 same
DI1-S9 4900 717 12048.2 good 3 none galvanized 96 3 galvanized 139 2 same
D1-S10 3280 79 8130 good 15 none galvanized 81 18 galvanized 118 13 same
D1-S11 2450 7.4 5681.82 good 9 none galvanized 72 12 galvanized 102 9 same
D1-S12 3000 8.1 7246 good 20 none galvanized 78 26 galvanized 112 18 same
D1-S13 1880 8 7042 fair 48 none bituminous/polymeric 65 74 galvanized 111 43 different
D1-S14 3100 7.7 7353 good 15 none galvanized 79 19 galvanized 113 13 same
DI1-S15 3900 7.1 10989 good 20 none galvanized S5 37 galvanized 67 30 same
D1-S16 3680 78 4385 good 5 none galvanized 85 6 galvanized 92 5 same
D2-S1 425 9 983 poor 64 galvanized no steel 35 182 bituminous/polymeric 50 129 different
D2-S2 725 8 2127 poor 64 galvanized fiber-bonded 44 146 bituminous/polymeric 68 94 different
D2-S3 828 8 2557 poor 64 galvanized | bituminous/polymeric 46 138 galvanized 73 87 different
D2-S4 3780 8.1 8000 poor 64 galvanized galvanized 86 74 galvanized 117 55 same
D2-S5 4350 8.2 8850 fair 64 galvanized galvanized 91 70 galvanized 122 52 same
D2-S6 2900 8 7519 fair 64 galvanized galvanized 77 83 galvanized 114 56 same
D2-S7 4880 8.4 9901 fair 64 galvanized galvanized 96 67 galvanized 128 50 same
D2-S8 395 8.7 1245 poor 70 galvanized no steel 34 205 bituminous/polymeric 55 128 different
D2-S9 1780 82 5714 poor 70 galvanized | bituminous/polymeric 63 111 galvanized 102 69 different
D2-S10 525 8.1 1546 poor 70 galvanized fiber-bonded 38 183 bituminous/polymeric 60 117 different
D2-Si1 130 9.3 291 poor 70 galvanized no steel 22 324 no steel 30 233 same
D2-S12 838 7.6 2155 poor 70 galvanized | bituminous/polymeric 46 151 bituminous/polymeric 68 102 same
D2-S13 1720 715 4274 poor 70 galvanized | bituminous/polymeric 62 112 galvanized 91 71 different
D2-S14 822 7.4 2020 poor 70 galvanized | bituminous/polymeric 46 152 bituminous/polymeric 67 105 same
D2-S15 2450 8 5525 poor 70 galvanized galvanized 72 97 galvanized 101 70 same
D3-S1 882 38 2941 poor 30 galvanized no steel 2 1204 no steel 17 177 same
D3-S2 585 33 1397 poor 30 galvanized no steel -5 -633 no steel 6 527 same
D3-S3 620 33 1473 poor 30 galvanized no steel -4 -742 no steel 6 475 same
D3-S5 2300 4.4 6711 poor 30 galvanized no steel 17 177 no steel 30 101 same
D3-S7 168 8 379 good 10 epoxy no steel 24 42 no steel 34 30 same
D3-S8 98 83 220 good 10 epoxy no steel 19 52 no steel 27 37 same
D3-S10 815 19 2551 good 30 galvanized | bituminous/polymeric 46 65 galvanized 3 41 different
D3-S11 1200 75 5263 good 30 galvanized | bituminous/polymeric 54 56 galvanized 99 30 different
D4-S1 300 7.8 266 poor 23 galvanized no steel 30 75 no steel 29 79 same
D4-S2 245 1.7 229 poor 23 galvanized no steel 28 82 no steel 27 84 same
D4-S3 582 8 1131 poor 23 galvanized fiber-bonded 40 58 bituminous/polymeric S3 44 different
D4-84 250 9.1 375 poor 30 galvanized no steel 28 106 no steel 33 90 same
D4-85 300 7.9 444 poor 30 galvanized no steel 30 98 no steel 36 84 same
D4-S6 385 53 781 poor 30 galvanized no steel 1 3263 fiber-bonded 9 319 different
D4-S7 538 78 952 poor ? galvanized fiber-bonded 39 ? bituminous/polymeric 49 ? different
D4-S8 1320 8 6211 poor ? galvanized | bituminous/polymeric 56 ? galvanized 106 ? different
D4-S9 420 8.9 1205 poor ? galvanized no steel 35 ? bituminous/polymeric 54 ? different
D4-S10 895 9 2294 poor ? galvanized | bituminous/polymeric 48 ? bituminous/polymeric 70 ? same
D4-S11 2050 8.4 6756 poor ? galvanized | bituminous/polymeric 67 ? galvanized 109 ? different
D4-S12 525 8.6 1471 poor ? galvanized fiber-bonded 38 ? bituminous/polymeric 58 ? different
Ds5-81 1200 6.9 3497 good 28 black mastic | bituminous/polymeric 34 83 galvanized 47 60 different
Ds-82 805 7.7 3937 good 28 black mastic | bituminous/polymeric 46 61 galvanized 88 32 different
D5-S3 878 78 1838 good 28 black mastic | bituminous/polymeric 47 59 bituminous/polymeric 64 44 same
D5-S4 895 78 4048 good 28 black mastic | bituminous/polymeric 48 59 galvanized 89 32 different
D5-S5 135 84 235 poor 46 galvanized no steel 22 209 no steel 28 167 same
D5-S6 85.5 8.5 151 poor 46 galvanized no steel 18 253 no steel 23 200 same
D5-87 1220 717 4255 poor 46 galvanized | bituminous/polymeric 54 85 galvanized 90 51 different
D5-S8 68.8 85 118 poor 46 galvanized no steel 17 276 no steel 21 221 same
D5-89 550 73 1118 fair 32 galvanized fiber-bonded 48 67 bituminous/polymeric 56 57 different
Ds-S10 2150 7.8 5780 fair 32 galvanized | bituminous/polymeric 68 47 galvanized 103 31 different
Ds-S1t 2950 7.8 5682 fair 32 galvanized galvanized 78 41 galvanized 102 31 same
Ds-S12 1450 7.4 2825 fair 32 galvanized | bituminous/polymeric 58 55 galvanized 76 42 different
D5-S13 2550 73 6369 good 41 galvanized galvanized 66 62 galvanized 77 53 same
D5-S14 2650 72 7042 good 41 galvanized galvanized 56 74 galvanized 67 61 same
Ds5-S15 2950 15 10309 good 41 galvanized galvanized 78 53 galvanized 130 32 same
Ds-S16 3000 7.4 5814 good 41 galvanized galvanized 78 52 galvanized 103 40 same
CS-El 51 78 85 poor 46 galvanized no steel 15 312 no steel 18 253 same
CS-E2 62.5 8.8 119 poor 46 galvanized no steel 16 287 no steel 21 221 same
CS-E3 29 9 poor 46 galvanized no steel 12 393 no steel 12 383 same
CS-E4 1500 15 4167 poor 46 galvanized | bituminous/polymeric 59 78 galvanized 90 51 different
CS-E5 1500 7.8 4902 poor 46 galvanized | bituminous/polymeric 59 78 galvanized 96 48 different
CS-E6 1200 79 4630 poor 46 galvanized | bituminous/polymeric 54 85 galvanized 94 49 different
CS-E7 410 71 678 poor 46 galvanized no steel 35 133 fiber-bonded 43 108 different
CS-E8 310 8.2 571 poor 46 galvanized no steel 31 149 fiber-bonded 40 116 different
CS-E9 650 74 1475 poor 46 galvanized fiber-bonded 42 110 bituminous/polymeric 59 79 different
CS-E10 740 8 2451 poor 46 galvanized fiber-bonded 44 104 galvanized 72 64 different
CS-El1 225 8.4 334 poor 46 galvanized no steel 27 170 no steel 32 144 same
CS-E12 158 7.8 489 poor 46 galvanized no steel 23 196 no steel 37 124 same
CS-W1 30 9.1 30 poor 46 galvanized no steel 12 388 no steel 12 388 same
CS-w2 315 9 poor 46 galvanized no steel 12 380 no steel 12 383 same
CS-W3 100 82 207 poor 46 galvanized no steel 19 237 no steel 26 176 same
CS-w4 900 74 1520 poor 46 galvanized | bituminous/polymeric 48 96 bituminous/polymeric 59 78 same
CS-W5 275 7.7 489 poor 46 galvanized no steel 29 156 no steel 37 124 same
CS-Wé6 425 1.1 656 poor 46 galvanized no steel 35 131 fiber-bonded 42 110 different
CS-W7 170 8 313 poor 46 galvanized no steel 24 191 no steel 31 148 same
CS-w8 165 8.1 356 poor 46 galvanized no steel 24 193 no steel 33 141 same
Project: Statewide Corrosivity Study Job No.: 00-301
Montana Date: 02/22/01
— Service Life Analysis and Coating Recommendations
1;_{‘.:'& NTL Engineering and Geoscience Figure 20
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Great Falls, Montana
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20 //
0 4o
CL-ML 0

% 20 - 20 ) 80 700

LIQUID LIMIT (LL)

Specimen Identification LL | PL | PI |Fines|Classification
® D1 1.0 NP| NP| NP| 1.5|Well-graded Gravel With Sand GW
X D1 2.0 NP| NP| NP| 7.1 |Poorly Graded Gravel With Silt And Sand GP-GM
Al D1 3.0 25| 25| NP/| 47.9 Silty Sand SM
* D1 4.0 NP| NP| NP| 2.0 |Poorly Graded Gravel With Sand GP
X D1 5.0 33, 30 3| 33.8 |Silty Sand With Gravel SM
< D1 6.0 36| 32 4| 45.6 |Silty Sand With Gravel SM
Ol D1 7.0 30, 24 6| 89.8 |Silt ML
Al D1 8.0 NP| NP| NP | 5.6 Poorly Graded Sand With Silt And Gravel SP-SM
PROJECT  Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/30/01
A ATTERBERG LIMITS
"/,\\mm?g NTL Engineering & Geoscience, Inc. Plate No. 1
O rSEEENE he Great Falls, MT 59405
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LIQUID LIMIT (LL)
Specimen Identification LL | PL | PI |Fines|Classification
® D1 9.0 25 25| NP/| 86.0 |Silt ML
X D1 10.0 49 47 3| 16.1 |Silty Gravel With Sand GM
A D1 11.0 42 32 10| 69.3 |Sandy Silt ML
*x| D1 12.0 25 22 4| 54.7 |Sandy Silt ML
X D1 13.0 42 21 21| 95.7 |Lean Clay CL
< D1 14.0 28 22 6 | 55.5 [Sandy Silty Clay CL-ML
Ol D1 15.0 38 27 11| 60.6 {Sandy Silt ML
Al D1 16.0 NP| NP| NP| 35.0|Silty Sand SM
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
A ATTERBERG LIMITS
< m?; NTL Engineering & Geoscience, Inc. Plate No. 2
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LIQUID LIMIT (LL)
Specimen Identification LL | PL PI | Fines |Classification
® D2 1.0 50 29 22 | 57.1 |Sandy Elastic Silt MH
X D2 2.0 41| 14| 27| 57.2|Sandy Lean Clay CL
A D2 3.0 46 16 30| 70.3 |Lean Clay With Sand CL
*| D2 4.0 NP| NP| NP| 5.9 Poorly Graded Gravel With Silt And Sand GP-GM
X| D2 5.0 NP| NP| NP| 74 |Poorly Graded Sand With Silt And Gravel SP-SM
< D2 6.0 NP| NP| NP| 14.3 |Silty Sand With Gravel SM
O D2 7.0 NP| NP| NP| 11.6 |Poorly Graded Sand With Silt And Gravel SP-SM
Al D2 8.0 58| 17| 41| 78.7 |Fat Clay With Sand CH
PROJECT Statewide Corrosivity Study JOB NO. 00-301
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LIQUID LIMIT (LL)
Specimen Identification LL | PL | PI |Fines Classification
® D2 9.0 33! 16| 17 17.1 |Clayey Gravel With Sand GC
X D2 10.0 47 15 32| 74.6 |Lean Clay With Sand CL
Al D2 11.0 56 17 39| 84.3 |Fat Clay With Sand CH
*| D2 12.0 51 17| 34| 32.7 |Clayey Gravel With Sand GC
X| D2 13.0 37| 20| 17| 24.1 |Clayey Sand With Gravel SC
G D2 14.0 41| 15| 26| 46.9 [Clayey Sand SC
Ol D2 15.0 26| 14| 12| 16.6 |Clayey Gravel With Sand GC
PROJECT  Statewide Corrosivity Study JOB NO. 00-301
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LIQUID LIMIT (LL)
Specimen Identification LL | PL | PI |Fines|Classification
® D3 1.0 39| 20| 19| 62.8|Sandy Lean Clay CL
X D3 2.0 43| 24| 19| 54.6 |Sandy Lean Clay With Gravel CL
Al D3 3.0 37( 17| 20| 59.0 |Sandy Lean Clay CL
*| D3 5.0 32) 19 13| 59.3 |Sandy Lean Clay CL
X/ D3 7.0 43| 17| 27| 905 |Lean Clay CL
< D3 8.0 39| 15| 24| 78.1 |Lean Clay With Sand CL
Ol D3 10.0 48| 15| 33| 86.9 |Lean Clay CL
Al D3 11.0 47| 21| 26| 72.5|Lean Clay With Sand CL
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
A ATTERBERG LIMITS
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LIQUID LIMIT (LL)
Specimen Identification LL | PL | PI |Fines Classification
® D4 1.0 60| 15| 45| 0.8 |Poorly Graded Sand SP
X D4 2.0 57| 18| 40| 72.7 |Fat Clay With Sand CH
Al D4 3.0 70| 21| 49| 95.1 |Fat Clay CH
*| D4 5.0 78 18 60 | 81.2 |Fat Clay With Gravel CH
X| D4 6.0 71 21 50| 79.9 |Fat Clay With Sand CH
S D4 7.0 37 15 22| 70.2 |Lean Clay With Sand CL
Ol D4 8.0 36 14 23 | 79.4 |Lean Clay With Sand CL
Al D4 9.0 29| 21 8| 65.8 |Sandy Lean Clay CL
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
ATTERBERG LIMITS
Plate No. 6
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LIQUID LIMIT (LL)

Specimen Identification LL | PL | PI |Fines|Classification
® D4 10.0 27| 19 9| 7.3 |Well-graded Gravel With Clay And Sand GW-GC
X D4 11.0 26| 21 S| 80.0 |Silty Clay With Sand CL-ML
Al D4 12.0 35| 15| 21| 24.1 |Clayey Sand With Gravel SC
PROJECT  Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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LIQUID LIMIT (LL)
Specimen Identification LL | PL | PI |Fines|Classification
® DS 1.0 37| 16| 21| 74.8 |Lean Clay With Sand CL
X D5 2.0 52| 16| 36| 95.7 |Fat Clay CH
Al D5 3.0 41| 16| 25| 36.9 |Clayey Gravel With Sand GC
*| DS 4.0 51 17| 35| 94.1 |Fat Clay CH
X| D5 5.0 38| 15| 23| 78.0 |Lean Clay With Sand CL
& DS 6.0 36| 15| 22| 88.0 |Lean Clay CL
Ol D5 7.0 37| 15| 21| 76.2 |Lean Clay With Sand CL
Al DS 8.0 45| 17| 28| 91.8 |Lean Clay CL
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Specimen Identification LL | PL PI | Fines |Classification
® D5 9.0 55| 21| 34 46.9 |Clayey Gravel With Sand GC
X( DS 10.0 35| 19| 16| 60.8 |Sandy Lean Clay CL
Al D5 11.0 211 20 1| 20.6 |Silty Sand With Gravel SM
x| D5 12.0 26| 23 3| 14.6 |Silty Sand With Gravel SM
Xl DS 13.0 39 28 12| 26.7 |Silty Sand With Gravel SM
< DS 14.0 60 56 4| 37.6 |Silty Sand SM
O] D5 15.0 32| 19| 14| 31.4 |Clayey Gravel With Sand GC
Al D5 16.0 41| 40 1| 11.0 |Poorly Graded Gravel With Silt And Sand GP-GM
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL S AND SILT OR CLAY
coarse | fine coarse| medium | fine
Specimen Identification Classification MC% | LL | PL PI Cc | Cu
® Di 1.0 Well-graded Gravel With Sand GW 1 NP | NP | NP | 1.90 | 27.0
X D1 2.0 Poorly Graded Gravel With Silt And Sand GP-GM 1 NP | NP | NP | 0.24 [170.1
A D1 3.0 Silty Sand SM 1 25 26 NP
*| D1 4.0 Poorly Graded Gravel With Sand GP 1 NP | NP | NP | 044 | 52.0
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand YoSilt %Clay
® Di 1.0 100.00 23.83 6.324 0.8813 67.9 24.0 1.5
X D1 2.0 75.00 17.93 0.675 0.1054 57.4 355 7.1
A D1 3.0 19.00 0.13 ' 7.6 44.5 47.9
*x D1 4.0 75.00 19.92 1.823 0.3830 56.7 41.3 2.0
PROJECT  Statewide Corrosivity Study JOB NO. 00-301
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GRAIN SIZE IN MILLIMETERS
GRA
COBBLES VEL .SAND SILT OR CLAY
coarse | fine coarse| medium | fine
Specimen Identification Classification MC%| LL | PL PI Cc | Cu
® D1 5.0 Silty Sand With Gravel SM 1 33 30
X D1 6.0 Silty Sand With Gravel SM 1 36 32
A D1 7.0 Silt ML 1 30 24
*| D1 8.0 |Poorly Graded Sand With Silt And Gravel SP-SM 1 NP | NP | NP | 0.23 | 16.0
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand %oSilt %Clay
® D1 5.0 37.50 1.20 18.0 48.2 33.8
X D1 6.0 37.50 0.95 244 30.0 45.6
A D1 7.0 9.50 0.1 10.1 89.8
*x D1 8.0 75.00 2.45 0.294 0.1531 25.4 69.0 5.6
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
e DI 9.0 Silt ML 1 | 25| 25 | NP
X D1 10.0 Silty Gravel With Sand GM 1 49 47 3
A D1 11.0 Sandy Silt ML 1 42 32 10
*x D1 12.0 Sandy Silt ML 1 25 22 4
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® DI 9.0 12.50 2.9 11.1 86.0
X D1 10.0 50.00 10.79 2.525 61.6 223 16.1
A D1 11.0 19.00 8.5 22.2 69.3
*x| D1 12.0 12.50 0.09 1.3 44.0 54.7
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI Cc | Cu
® DI 13.0 Lean Clay CL 1 | 2|2 |2n
x| DI 14.0 Sandy Silty Clay CL-ML 1| 28] 22 6
A D1 15.0 Sandy Silt ML 1 38 27 11
*x| D1 16.0 Silty Sand SM 1 NP | NP | NP
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
® D1 13.0 9.50 0.2 4.1 95.7
X D1 14.0 12.50 0.10 2.6 41.9 55.5
A D1 15.0 19.00 8.0 314 60.6
*x| D1 16.0 37.50 0.17 8.7 56.3 35.0
PROJECT  Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. S AND - SILT OR CLAY
coarse | fine |coarse] medium | fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D2 1.0 Sandy Elastic Silt MH 50 29 22
X D2 2.0 Sandy Lean Clay CL 41 14 27
A D2 3.0 Lean Clay With Sand CL 46 16 30
* D2 4.0 Boorly Graded Gravel With Silt And Sand GP-GM NP | NP | NP | 0.56 | 57.8
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D2 1.0 12.50 0.10 12.6 30.3 57.1
X D2 2.0 9.50 0.10 1.4 41.4 57.2
Al D2 3.0 12.50 1.9 278 70.3
* D2 4.0 37.50 8.76 0.859 0.1515 53.5 40.6 5.9
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D2 5.0 Poorly Graded Sand With Silt And Gravel SP-SM NP | NP | NP | 0.62 | 144
X D2 6.0 Silty Sand With Gravel SM NP | NP | NP
A D2 7.0 Poorly Graded Sand With Silt And Gravel SP-SM NP | NP | NP | 0.22 | 85.1
*x| D2 8.0 Fat Clay With Sand CH 58 17 41
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D2 5.0 25.00 147 0.304 0.1023 219 70.7 7.4
X D2 6.0 25.00 1.37 0.177 273 58.4 14.3
A D2 7.0 50.00 5.60 0.285 42.3 46.1 11.6
* D2 8.0 9.50 24 18.9 78.7
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
o m 9.0 Clayey Gravel With Sand GC 33 | 16 | 17
X D2 10.0 Lean Clay With Sand CL 47 15 32
A D2 11.0 Fat Clay With Sand CH 56 17 39
* D2 12.0 Clayey Gravel With Sand GC 51 17 34
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
o D2 9.0 50.00 7.96 0.666 543 | 286 17.1
X D2 10.0 19.00 1.0 244 74.6
A D2 11.0 9.50 0.3 154 84.3
* D2 12.0 50.00 5.18 423 25.0 32.7
PROJECT Statewide Corrosivity Study JOB NO. 00-301
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. S AND - SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
D2 13.0 Clayey Sand With Gravel SC 37 20 17
X D2 14.0 Clayey Sand SC 41 15 26
A D2 15.0 Clayey Gravel With Sand GC 26 14 12
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
o D2 13.0 37.50 1.40 0.102 22.2 53.7 24.1
X D2 14.0 19.00 0.12 8.2 44.9 46.9
A D2 15.0 37.50 5.76 0.464 44.8 38.6 16.6
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse| medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D3 1.0 Sandy Lean Clay CL 39 20 19
X D3 2.0 Sandy Lean Clay With Gravel CL 43 24 19
A D3 3.0 Sandy Lean Clay CL 37 17 20
*| D3 5.0 Sandy Lean Clay CL 32 19 13
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D3 1.0 19.00 7.9 29.3 62.8
X D3 2.0 50.00 0.51 18.7 26.7 54.6
A D3 3.0 50.00 0.09 6.2 34.8 59.0
* D3 5.0 37.50 0.09 5.5 35.2 59.3
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D3 7.0 Lean Clay CL 43 17 | 27
X D3 8.0 Lean Clay With Sand CL 39 15 24
A D3 10.0 Lean Clay CL 48 | 15 | 33
* D3 11.0 Lean Clay With Sand CL 47 21 26
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand %Silt %Clay
® D3 7.0 12.50 0.2 9.3 90.5
X D3 8.0 19.00 0.9 21.0 78.1
A D3 10.0 9.50 0.2 12.9 86.9
x| D3 11.0 12.50 1.1 264 72.5
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D4 1.0 Poorly Graded Sand SP 60 15 45 | 0.80 | 3.1
X D4 2.0 Fat Clay With Sand CH 57 | 18 | 40
Al D4 3.0 Fat Clay CH 70 | 21 | 49
*xi D4 4.0 Fat Clay CH 103 | 21 81
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D4 1.0 25.00 0.28 0.144 0.0921 14.1 85.1 0.8
X D4 2.0 12.50 1.6 25.7 72.7
A D4 3.0 4.75 0.0 4.9 95.1
*| D4 4.0 9.50 0.5 10.9 88.6
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D4 5.0 Fat Clay With Gravel CH 78 18 60
X D4 6.0 Fat Clay With Sand CH 71 21 50
A D4 7.0 Lean Clay With Sand CL 37 15 22
* D4 8.0 Lean Clay With Sand CL 36 14 23
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D4 5.0 19.00 9.6 9.2 81.2
X D4 6.0 9.50 0.3 19.8 79.9
A D4 7.0 9.50 0.5 29.3 70.2
*x D4 8.0 9.50 0.1 20.5 79.4
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D4 9.0 Sandy Lean Clay CL 29 21 8
X D4 10.0 Well-graded Gravel With Clay And Sand GW-GC 27 19 9 |230 125.2
A D4 11.0 Silty Clay With Sand CL-ML 26 | 21 | 5
*x D4 12.0 Clayey Sand With Gravel SC 35 15 21
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
D4 9.0 2.00 0.0 34.2 65.8
X D4 10.0 100.00 16.86 2.285 0.1346 58.0 29.3 7.3
A D4 11.0 12.50 1.1 18.9 80.0
* D4 12.0 50.00 1.36 0.120 26.8 49.1 24.1
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
Ad- GRADATION CURVES
‘A mﬁu NTL Engineering & Geoscience, Inc. Plate No. 22
\ On etz Great Falls, MT 59405 -

158



7

U.S. SIEVE OPENING IN INCHES I U.S. SIEVE NUMBERS I HYDROMETER
6 43 215 13412353 4 6 51044165 30 49 50 7010044200
100 | | i ] IR
T ST T g
” T
80 | N
.
70 |
60
E i
750 A
& WL §
z Ry S E
= N i
240 L
< It
e !
30
20
10
0 ? s
100 10 1 0.1 0.01 0.001H
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D5 1.0 Lean Clay With Sand CL 37 16 21
X D5 2.0 Fat Clay CH 52 16 | 36
A D5 3.0 Clayey Gravel With Sand GC 41 16 25
*x| DS 4.0 Fat Clay CH 51 17 35
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand %Silt %Clay
® D5 1.0 19.00 8.1 17.1 74.8
X D5 2.0 9.50 0.4 3.9 95.7
A D5 3.0 25.00 3.37 35.2 279 36.9
*x| D5 4.0 12.50 0.7 5.2 9.1
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
A GRADATION CURVES
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D5 5.0 Lean Clay With Sand CL 38 15 23
X D5 6.0 Lean Clay CL 36 15 22
A D5 7.0 Lean Clay With Sand CL 37 15 21
*x| D5 8.0 Lean Clay CL 45 17 28
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D5 5.0 2.00 0.0 22.0 78.0
X D5 6.0 4.75 0.0 12.0 88.0
A D5 7.0 25.00 10.1 13.7 76.2
*| D5 8.0 4.75 0.0 8.2 91.8
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
A 1 GRADATION CURVES
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium | fine
Specimen Identification Classification MC%| LL | PL | PI Cc | Cu
e D5 9.0 Clayey Gravel With Sand GC 55 | 21 | 34
X D5 10.0 Sandy Lean Clay CL 35 19 16
A D5 11.0 Silty Sand With Gravel SM 21 20 1
*x| DS 12.0 Silty Sand With Gravel SM 26 23
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
P
® D5 9.0 50.00 0.54 311 22.0 46.9
X DS 10.0 4.75 0.0 39.2 60.8
A D5 11.0 37.50 1.05 0.160 29.3 50.1 20.6
*x| D5 12.0 50.00 0.81 0.237 31.6 53.8 14.6
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® DS 13.0 Silty Sand With Gravel SM 39 28 12
X D5 14.0 Silty Sand SM 60 | 56 4
A D5 15.0 Clayey Gravel With Sand GC 32 19 14
*x D5 16.0 Poorly Graded Gravel With Silt And Sand GP-GM 41 40 1 0.22 |155.3
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D5 13.0 37.50 0.42 0.089 184 54.9 - 26.7
X D5 14.0 19.00 0.20 55 56.9 37.6
A D5 15.0 75.00 2.71 35.9 327 314
x| D5 16.0 50.00 10.50 0.392 49.8 39.2 11.0
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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Specimen Identification | LL | PL | PI |Fines |Classification
® DI 1.0 NP| NP| NP| 8.5 Well-graded Sand With Silt SW-SM
X D1 2.0 NP| NP| NP| 18.8 |Silty Sand SM
A D1 4.0 NP| NP| NP| 6.2 |Well-graded Sand With Silt SW-SM
*| D1 5.0 33| 30 3| 49.4 |Silty Sand SM
X D1 6.0 36| 32 4| 68.3 |Sandy Silt ML
& D1 7.0 30| 24 6| 90.2 |Silt ML
O D1 8.0 NP| NP| NP| 10.1 |Poorly Graded Sand With Silt SP-SM
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
Ad- ATTERBERG LIMITS
A% Plate No. 27
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Specimen Identification | LL | PL | PI |Fines|Classification
® D1 9.0 25| 25| NP| 90.9 |Silt ML
X D1 10.0 49| 47 3| 59.7 | Sandy Silt ML
Al D1 11.0 42| 32| 10| 79.2 |Silt With Sand ML
x| D1 12.0 25| 22 4| 55.9 |Sandy Silt ML
Xl D1 13.0 42| 21| 21| 96.1 |Lean Clay CL
& DI 14.0 28| 22 6 | 58.5 |Sandy Silty Clay CL-ML
O] D1 15.0 38| 27| 11| 71.3Silt With Sand ML
Al D1 16.0 NP| NP| NP | 34.4 Silty Sand SM
PROJECT  Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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N mﬁ& Plate No. 28

/\ eonERncs
" CEOSCENCE. NG|

NTL Engineering & Geoscience, Inc.
Great Falls, MT 59405

164




70
) / d /
50 //
<
m
2 40 A /
. /
=
S /
&=
2 30 x .
= X /
20 /
o /W | @
CL-ML /
OU 20 40 60 80 100
LIQUID LIMIT (LL)
Specimen Identification LL | PL PI | Fines | Classification
e D2 1.0 50| 29| 22| 69.1|Sandy Elastic Silt MH
X D2 2.0 41| 14| 27| 59.0 |Sandy Lean Clay CL
A D2 3.0 46| 16| 30| 72.4 |Lean Clay With Sand CL
x| D2 4.0 NP| NP| NP| 15.6 |Silty Sand SM
X D2 5.0 NP| NP| NP| 11.4 |Well-graded Sand With Silt SW-SM
<& D2 6.0 NP| NP| NP| 22.5|Silty Sand SM
O] D2 7.0 NP| NP| NP| 23.3 Silty Sand SM
Al D2 8.0 58| 17| 41| 81.7 |Fat Clay With Sand CH
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Specimen Identification | LL | PL | PI |Fines|Classification

® D2 9.0 33| 16| 17| 46.8 |Clayey Sand SC

X D2 10.0 47| 15| 32| 76.1 |Lean Clay With Sand CL

A D2 11.0 56| 17| 39| 84.8 |Fat Clay With Sand CH

x| D2 12.0 S1| 17| 34| 62.7 |Sandy Fat Clay CH

X D2 13.0 37| 20| 17| 37.3 |Clayey Sand SC

& D2 14.0 41| 15| 26| 54.6 |Sandy Lean Clay CL

O] D2 15.0 26| 14| 12| 38.3 |Clayey Sand SC
PROJECT  Statewide Corrosivity Study JOB NO. 00-301

Montana DATE 10/29/01
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Specimen Identification | LL | PL | PI |Fines|Classification
e D3 1.0 39| 20| 19| 78.1 |Lean Clay With Sand CL
X| D3 2.0 43| 24| 19| 78.2 |Lean Clay With Sand CL
A D3 3.0 37| 17| 20| 67.7 |Sandy Lean Clay CL
*| D3 5.0 32/ 19| 13] 69.1 Sandy Lean Clay CL
X D3 7.0 43| 17| 27| 91.1 |Lean Clay CL
< D3 8.0 39| 15| 24| 79.3 |Lean Clay With Sand CL
Ol D3 10.0 48| 15| 33| 89.7 |Lean Clay CL
Al D3 11.0 47| 21| 26| 74.8 |Lean Clay With Sand CL
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
= ATTERBERG LIMITS
“Qnmm?@ NTL Engineering & Geoscience, Inc. Plate No. 31
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Specimen Identification | LL | PL | PI |Fines|Classification
o D4 1.0 60| 15| 45| 36.5|Clayey Sand SC
X D4 2.0 57| 18| 40| 74.5 |Fat Clay With Sand CH
Al D4 3.0 70| 21| 49| 95.2 |Fat Clay CH
*x| D4 5.0 78| 18| 60| 91.3 |[Fat Clay CH
X D4 6.0 711 21| 50| 81.5 |Fat Clay With Sand CH
& D4 7.0 37| 15| 22| 73.4 |Lean Clay With Sand CL
O D4 8.0 36| 14| 23| 79.5 |Lean Clay With Sand CL
Al D4 9.0 29| 21 8| 65.9 |Sandy Lean Clay CL
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
A ATTERBERG LIMITS
A mﬁg NTL Engineering & Geoscience, Inc. Plate No. 32
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Specimen Identification | LL | PL | PI |Fines|Classification
® D4 10.0 27 19 9| 25.2 |Clayey Sand SC
X D4 11.0 26| 21 5| 81.2 |Silty Clay With Sand CL-ML
A D4 12.0 35| 15| 21| 37.9|Clayey Sand SC
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
A ATTERBERG LIMITS
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Specimen Identification | LL | PL | PI |Fines|Classification
® D5 1.0 37| 16| 21| 84.5|Lean Clay With Sand CL
X D5 2.0 52| 16| 36| 96.5|Fat Clay CH
A D5 3.0 41| 16| 25| 70.0 |Sandy Lean Clay CL
*x| D5 4.0 51| 17| 35| 954 Fat Clay CH
X D5 5.0 38| 15| 23| 78.0 |Lean Clay With Sand CL
& D5 6.0 36| 15| 22| 88.6 |Lean Clay CL
O DS 7.0 37| 15| 21| 85.7 |Lean Clay CL
Al D5 8.0 45| 17| 28| 91.9 |Lean Clay CL
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
At ATTERBERG LIMITS
(A wﬁ(g NTL Engineering & Geoscience, Inc. Plate No. 34
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Specimen Identification | LL | PL | PI |Fines|Classification
® D5 9.0 55| 21| 34| 69.6|Sandy Fat Clay CH
X D5 10.0 35| 19| 16| 63.4|Sandy Lean Clay CL
Al D5 11.0 21| 20 1| 32.0 |Silty Sand SM
*x| D5 12.0 26| 23 3| 22.7 |Silty Sand SM
X D5 13.0 39| 28| 12| 35.9 Silty Sand SM
& D5 14.0 60| 56 4| 41.3 |Silty Sand SM
O D5 15.0 32| 19| 14| 54.4 |Sandy Lean Clay CL
Al D5 16.0 41| 40 1| 25.6 |Silty Sand SM
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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GRAIN SIZE IN MILLIMETERS
G S
COBBLES RAVEL - AND SILT OR CLAY
coarse | fine coarse| medium | fine
Specimen Identification Classification MC%| LL | PL PI Cc | Cu
® D1 1.0 Well-graded Sand With Silt SW-SM 1 NP | NP | NP | 1.76 | 9.3
X D1 2.0 Silty Sand SM 1 NP | NP | NP
A D1 3.0 Sandy Silt ML 1 25 26 NP
*| D1 4.0 Well-graded Sand With Silt SW-SM 1 NP | NP | NP | 117 | 6.1
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand YoSilt %Clay
® D1 1.0 2.00 0.89 0.386 0.0955 0.0 91.5 8.5
D1 2.0 2.00 0.33 0.123 0.0 81.2 18.8
A D1 3.0 2.00 0.08 0.0 43.1 56.9
*x| D1 4.0 2.00 0.82 0.356 0.1330 0.0 93.8 6.2
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
A GRADATION CURVES
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® Di1 5.0 Silty Sand SM 1 33 30 3
X D1 6.0 Sandy Silt ML 1 36 32 4
A D1 7.0 Silt ML 1 30 24 6
*x| D1 8.0 Poorly Graded Sand With Silt SP-SM 1 NP | NP | NP | 1.78 | 43
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand %Silt %Clay
® D1 5.0 2,00 0.22 0.0 50.6 49.4
X D1 6.0 2.00 0.0 31.7 68.3
A D1 7.0 2.00 0.0 9.8 90.2
*x| D1 8.0 2.00 0.32 0.206 0.0 89.9 10.1
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse| medium |  fine
Specimen Identification Classification MC%| LL | PL PI Cc | Cu
® D1 9.0 Silt ML 1 25 25 NP
X D1 10.0 Sandy Silt ML 1 49 47 3
A D1 11.0 Silt With Sand ML 1 42 32 10
*x| D1 12.0 Sandy Silt ML 1 25 22 4
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® DIl 9.0 2.00 0.0 9.1 90.9
X D1 10.0 2.00 0.08 0.0 40.3 59.7
A D1 11.0 2.00 0.0 20.8 79.2
*x| D1 12.0 2.00 0.08 0.0 44.1 55.9
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
A GRADATION CURVES
{a mﬁg NTL Engineering & Geoscience, Inc. Plate No. 38
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D1 13.0 Lean Clay CL 1 42 21 21
X DI 14.0 Sandy Silty Clay CL-ML 1 | 28 | 22| 6
A D1 15.0 Silt With Sand ML 1 38 27 11
*x| D1 16.0 Silty Sand SM 1 NP | NP | NP
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
e DI 13.0 2.00 0.0 3.9 96.1
X D1 14.0 2,00 0.08 0.0 41.5 58.5
A D1 15.0 2.00 0.0 28.7 71.3
*x D1 16.0 2.00 0.16 0.0 65.6 34.4
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
At GRADATION CURVES
{a mﬁg NTL Engineering & Geoscience, Inc. Plate No. 39
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND SILT OR CLAY
coarse | fine |coarse| medium |  fine
Specimen Identification Classification MC%| LL | PL | PI Cec | Cu
® D2 1.0 Sandy Elastic Silt MH 50 29 22
X D2 2.0 Sandy Lean Clay CL 41 14 27
A D2 3.0 Lean Clay With Sand CL 46 16 30
*x| D2 4.0 Silty Sand SM NP | NP | NP
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
o I 1.0 2.00 0.0 30.9 69.1
X D2 2.0 2.00 0.08 0.0 41.0 59.0
A D2 3.0 2.00 0.0 27.6 72.4
*x| D2 4.0 2.00 0.44 0.174 0.0 84.4 15.6
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
Ad- GRADATION CURVES
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D2 5.0 Well-graded Sand With Silt SW-SM NP | NP | NP | 143 | 64
X D2 6.0 Silty Sand SM NP | NP | NP
A D2 7.0 Silty Sand SM NP | NP | NP
*x D2 8.0 Fat Clay With Sand CH 58 17 41
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
® D2 5.0 2.00 0.43 0.203 0.0 88.6 11.4
X D2 6.0 2.00 0.26 0.099 0.0 715 22.5
A D2 7.0 2.00 0.28 0.099 0.0 76.7 233
* D2 8.0 2.00 0.0 18.3 81.7
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
AT GRADATION CURVES
a mﬁg NTL Engineering & Geoscience, Inc. Plate No. 41
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL PI Cc | Cu
® D2 9.0 Clayey Sand SC 33 16 17
X D2 10.0 Lean Clay With Sand CL 47 15 32
A D2 11.0 Fat Clay With Sand CH 56 17 39
* D2 12.0 Sandy Fat Clay CH 51 17 34
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D2 9.0 2.00 0.18 0.0 53.2 46.8
X D2 10.0 2.00 0.0 23.9 76.1
A D2 11.0 2.00 0.0 15.2 84.8
*x| D2 12.0 2.00 0.0 373 62.7
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
T GRADATION CURVES
A mﬁg NTL Engineering & Geoscience, Inc. Plate No. 42
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL .SAND - SILT OR CLAY
coarse | fine _lcoarse| medium | fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D2 13.0 Clayey Sand SC 37 20 17
X D2 14.0 Sandy Lean Clay CL 41 15 26
A D2 15.0 Clayey Sand SC 26 14 12
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D2 13.0 2.00 0.16 0.0 62.7 37.3
X D2 14.0 2.00 0.09 0.0 454 54.6
A D2 15.0 2.00 0.28 0.0 61.7 38.3
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
A GRADATION CURVES
Y ﬂ‘-l?& NTL Engineering & Geoscience, Inc. Plate No. 43
e Great Falls, MT 59405 p
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D3 1.0 Lean Clay With Sand CL 39 20 19
X D3 2.0 Lean Clay With Sand CL 43 24 19
A D3 3.0 Sandy Lean Clay CL 37 17 20
*x D3 5.0 Sandy Lean Clay CL 32 19 13
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D3 1.0 2.00 0.0 21.9 78.1
X D3 2.0 2.00 0.0 21.8 78.2
Al D3 3.0 2.00 0.0 323 67.7
x| D3 5.0 2.00 0.0 30.9 69.1
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
A- GRADATION CURVES
N mﬁg NTL Engineering & Geoscience, Inc. Plate No. 44
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL .SAND - SILT OR CLAY
coarse | fine [coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL PI Cc | Cu
® D3 7.0 Lean Clay CL 43 17 27
X D3 8.0 Lean Clay With Sand CL 39 15 24
A D3 10.0 Lean Clay CL 48 15 33
*| D3 11.0 Lean Clay With Sand CL 47 21 26
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
® D3 7.0 2.00 0.0 89 91.1
X D3 8.0 2.00 0.0 20.7 79.3
Al D3 10.0 2.00 0.0 10.3 89.7
x| D3 11.0 2.00 0.0 25.2 74.8
PROJECT Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
At GRADATION CURVES
A mﬁg NTL Engineering & Geoscience, Inc. Plate No. 45
O Great Falls, MT 59405 y
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium | fine
Specimen Identification Classification MC%| LL | PL | PI Cc | Cu
D4 1.0 Clayey Sand SC 60 15 45
X D4 2.0 Fat Clay With Sand CH 57 18 40
“|A D4 3.0 Fat Clay CH 70 21 49
*x| D4 4.0 Fat Clay CH 103 | 21 81
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
o D4 1.0 2.00 0.16 0.0 63.5 36.5
X D4 2.0 2.00 0.0 25.5 74.5
Al D4 3.0 0.85 0.0 4.8 95.2
*x| D4 4.0 2.00 0.0 8.9 91.1
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL PI Cc | Cu
® D4 5.0 Fat Clay CH 78 18 60
X D4 6.0 Fat Clay With Sand CH 71 21 50
A D4 7.0 Lean Clay With Sand CL 37 15 22
*| D4 8.0 Lean Clay With Sand CL 36 14 23
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D4 5.0 2.00 0.0 8.7 91.3
X D4 6.0 2.00 0.0 18.5 81.5
A D4 7.0 2.00 0.0 26.6 734
*x| D4 8.0 2.00 0.0 20.5 79.5
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium [  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D4 9.0 Sandy Lean Clay CL 29 21 8
X D4 10.0 Clayey Sand SC 27 19 9
A D4 11.0 Silty Clay With Sand CL-ML 26 21 5
*| D4 12.0 Clayey Sand SC 35 15 21
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D4 9.0 2.00 0.0 34.1 65.9
X D4 10.0 2.00 0.36 0.101 0.0 74.8 25.2
A D4 11.0 2.00 0.0 18.8 81.2
*x| D4 12.0 2.00 0.19 0.0 62.1 379
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL PI Cc | Cu
® D5 1.0 Lean Clay With Sand CL 37 16 21
X D5 2.0 Fat Clay CH 52 16 36
A D5 3.0 Sandy Lean Clay CL 41 16 25
*x| D5 4.0 Fat Clay CH 51 17 35
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® D5 1.0 2,00 0.0 15.5 84.5
X D5 2.0 2.00 0.0 35 96.5
A D5 3.0 2.00 0.0 30.0 70.0
* D5 4.0 2.00 0.0 4.6 95.4
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI Cc | Cu
D5 5.0 Lean Clay With Sand CL 38 15 23
X D5 6.0 Lean Clay CL 36 15 22
A D5 7.0 Lean Clay CL 37 15 21
*x| D5 8.0 Lean Clay CL 45 17 28
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand %Silt %Clay
® D5 5.0 2.00 0.0 22,0 78.0
X D5 6.0 2.00 0.0 11.4 88.6
Al D5 7.0 2.00 0.0 14.3 85.7
*| D5 8.0 2.00 0.0 8.1 91.9
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND SILT OR CLAY
coarse | fine |coarse] medium | fine
Specimen Identification Classification MC%| LL | PL | PI Cc | Cu
® D5 9.0 Sandy Fat Clay CH 55 21 34
X D5 10.0 Sandy Lean Clay CL 35 19 16
A D5 11.0 Silty Sand SM 21 20
*x| D5 12.0 Silty Sand SM 26 23
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand %Silt %Clay
® D5 9.0 2.00 0.0 304 69.6
X D5 10.0 2.00 0.0 36.6 63.4
A D5 11.0 2.00 0.26 0.0 68.0 32.0
x| D5 12.0 2.00 0.31 0.159 0.0 77.3 22.7
PROJECT  Statewide Corrosivity Study JOB NO. 00-301
Montana DATE 10/29/01
A GRADATION CURVES
"/,\\ mﬁg NTL Engineering & Geoscience, Inc. Plate No. 51
\ O teiene Great Falls, MT 59405 y

187



[ Us.SIEVEOPENING ININCHES | U.S. SIEVE NUMBERS | HYDROMETER )
6 43 215 13412383 4 6 81014160 30 49 50 70100140200

100 I O NN LA
. RN
. RN
70 H—— \q WA
S 11 TR \
= W
> Al
=°0 N
= :
240 ) X
g \ |
&
& |
30 :
20 ’
10
0 : : : ;
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® D5 13.0 Silty Sand SM 39 28 12
X DS 14.0 Silty Sand SM 60 56 4
A D5 15.0 Sandy Lean Clay CL 32 19 14
*x| D5 16.0 Silty Sand SM 41 40 1
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
D5 13.0 2.00 0.18 0.0 64.1 35.9
X D5 14.0 2.00 0.16 0.0 58.7 41.3
A DS 15.0 2.00 0.10 0.0 45.6 54.4
*x| D5 16.0 2.00 0.28 0.091 0.0 74.4 25.6
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Specimen Identification LL | PL PI | Fines |Classification

® CS-EC 1.0 44| 19| 25| 83.7 |Lean Clay With Sand CL

X CS-EC 2.0 44 19 25| 82.4 |Lean Clay With Sand CL

Al CS-EC 3.0 98| 97| NP| 82.7 |Elastic Silt With Sand MH

x| CS-EC 4.0 40 18| 22| 86.5|Lean Clay CL

X| CS-EC 5.0 36| 17, 19| 88.2 |Lean Clay CL

&  CS-EC 6.0 44| 16| 29| 97.2 |Lean Clay CL

O| CS-EC 7.0 46/ 15| 31| 97.6 |Lean Clay CL

Al CS-EC 8.0 44| 15| 29| 96.4 |Lean Clay CL

® CS-EC 9.0 35 19 16 | 86.6 |Lean Clay CL

@& CS-EC 10.0 40 15 26 | 90.3 | Lean Clay CL
PROJECT  Statewide Corrosivity Study JOB NO. 00-301

Montana DATE 10/29/01
A ATTERBERG LIMITS
“{\\mmﬁ NTL Engineering & Geoscience, Inc. Plate No. 53
e e Great Falls, MT 59405

189




\

70
60 //
50 //
=
2 /
Z 40
> /
H
5 /
I O
2 30 d
5 » /
20 s /1 A
/ *
o |
CL-ML /
0
0 20 40 60 80 100
LIQUID LIMIT (LL)
Specimen Identification LL | PL PI | Fines |Classification
® CS-EC 11.0 44| 15| 29| 95.8 |Lean Clay CL
X| CS-EC 12.0 43| 15| 28| 97.9 |Lean Clay CL
A CS-WC 1.0 53| 32| 21| 71.1 |Elastic Silt With Sand MH
*| CS-WC 2.0 53| 37| 17 Elastic Silt MH
Xl CS-WC 3.0 43| 14| 29| 90.1 |Lean Clay CL
& CS-WC 4.0 37| 15| 22| 86.6 |Lean Clay CL
O} CS-WC 5.0 47| 15| 32| 84.4 |Lean Clay With Sand CL
Al CS-WC 6.0 38| 14| 23| 94.7 |Lean Clay CL
® CS-WC 7.0 38| 15| 23] 95.7 |Lean Clay CL
e CS-WC 8.0 44| 15| 29| 86.7 |Lean Clay CL
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI Cc | Cu
® CS-EC 1.0 Lean Clay With Sand CL 4 | 19 | 25
X CS-EC 2.0 Lean Clay With Sand CL 44 19 25
Al CS-EC 3.0 Elastic Silt With Sand MH 98 | 97 | NP
* CS-EC 4.0 Lean Clay CL 40 18 22
K CS-EC 5.0 Lean Clay CL 36 | 17 | 19
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand %Silt %Clay
® CS-EC 1.0 2.00 0.0 16.3 83.7
X CS-EC 2.0 2.00 0.0 17.6 824
Al CS-EC 3.0 2.00 0.0 173 82.7
x| CS-EC 4.0 2.00 0.0 135 86.5
X CS-EC 5.0 2.00 0.0 11.8 88.2
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® CS-EC 6.0 Lean Clay CL 44 16 29
X CS-EC 7.0 Lean Clay CL 46 15 31
A CS-EC 8.0 Lean Clay CL 44 15 29
*| CS-EC 9.0 Lean Clay CL 35 | 19 16
K CS-EC 10.0 Lean Clay CL 40 15 26
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
® CS-EC 6.0 2.00 0.0 2.8 97.2
X CS-EC 7.0 2.00 0.0 24 97.6
A CS-EC 8.0 2.00 0.0 3.6 96.4
x| CS-EC 9.0 0.85 0.0 134 86.6
CS-EC 10.0 2.00 0.0 9.7 90.3
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL | PI | Cc | Cu
® CS-EC 11.0 Lean Clay CL 44 15 | 29
Xl CS-EC 12.0 Lean Clay CL 43 15 28
Al CS-WC 1.0 Elastic Silt With Sand MH 53 | 32 | 21
*| CS-WC 3.0 Lean Clay CL 43 14 29
X CS-wWC 4.0 Lean Clay CL 37 15 22
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand %Silt %Clay
® CS-EC 11.0 2.00 0.0 4.2 95.8
X CS-EC 12.0 2.00 0.0 2.1 97.9
A CS-WC 1.0 2.36 0.0 28.9 71.1
*  CS-WC 3.0 2.00 0.0 9.9 90.1
X CS-wWC 4.0 2.00 0.0 13.4 86.6
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL. .SAND - SILT OR CLAY
coarse | fine [coarse] medium |  fine
Specimen Identification Classification MC%| LL | PL PI Cc | Cu
® CS-WC 5.0 Lean Clay With Sand CL 47 15 32
X CS-WC 6.0 Lean Clay CL 38 14 23
A CS-WC 7.0 Lean Clay CL 38 15 23
* CS-WC 8.0 Lean Clay CL 44 15 29
Specimen Identification D100 D60 D30 D10 %Gravel | %Sand | %Silt | %Clay
® CS-WC 5.0 2.00 0.0 15.6 844
X CS-WC 6.0 2.00 0.0 5.3 94.7
A CS-wWC 7.0 2.00 0.0 4.3 95.7
*| CS-WC 8.0 2.00 0.0 133 86.7
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Seventy five copies of this public document
were produced at an estimated cost of $12.55 each,
for a total cost of $941.25. This includes $150.00
for postage, and $791.25 for printing.




	

